UNITED STATES PATENT APPLICATION 

FOR 

REFERENCE CLONES AND SEQUENCES FOR NON-SUBTYPE B 

ISOLATES 

OF HUMAN IMMUNODEFICIENCY VIRUS TYPE 1 
T BEATRICE H. HAHN, FENG GAO AND GEORGE M. SHAW 



427568 1 



• 



- 1 - 

TITLE OF THE INVENTION 
REFERENCE CLONES AND SEQUENCES FOR 
NON-SUBTYPE B ISOLATES OF HUMAN 
IMMUNODEFICIENCY VIRUS TYPE 1 
This work was funded by grants ROl AI25291; and NOl AI35170 from the National 
Institutes of Health. Therefore, the government may have certain rights in the 
invention. 

FIELD OF THE INVENTION 
The present invention is in the field of virology. The invention relates 
to the nucleotide sequences of the genomes of 1 1 molecular clones for non-subtype B 
isolates of human immunodeficiency virus type 1 (HIV-1), and nucleic acids derived 
therefrom. This invention also relates to peptides encoded by and/or derived from the 
nucleic acid sequences of these molecular clones, and host cells containing these 
nucleic acid sequences and peptides. The invention also relates to diagnostic methods, 
kits and immunogens which employ the nucleic acids, peptides and/or host cells of the 
invention. 

BACKGROUND OF THE INVENTION 
A critical question facing current AIDS vaccine development efforts is 
to what extent HIV-1 genetic variation has to be considered in the design of candidate 
vaccines (1 1,21,42,72). Phylogenetic analyses of globally circulating viral strains 
have identified two distinct groups of HIV-1, a major M group and an O group 
(33,45,61,62). Within the M group, ten sequence subtypes (A- J) have been proposed 
(29,30,45,72). Sequence variation among viruses belonging to these different lineages 
is extensive, with envelope amino acid sequence variation ranging from 24% between 
different subtypes to 47% between the two different groups. Given this extent of 
diversity, the question has been raised whether immunogens based on a single virus 
strain can be expected to elicit immune responses effective against a broad spectrum of 
viruses, or whether vaccine preparations should include mixtures of genetically 
divergent antigens and/or be tailored toward locally circulating strains (11, 21, 42, 72). 
This is of particular concern in developing countries where multiple subtypes of HIV- 
1 are known to co-circulate and where subtype B viruses, which have been the source 
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for most current candidate vaccine preparations (10, 21), are rare or nonexistent (5 24 
40, 72). ' ' 

Although the extent of global HIV-1 variation is well defined, little is 
known about the biological consequences of this genetic diversity and its impact on 
cellular and humoral immune responses in the infected host. In particular, it remains 
unknown whether subtype specific differences in virus biology exist that need to be 
considered for vaccine design. Only a comprehensive analysis of genetically defined 
representatives of the various groups and subtypes will address the question of 
whether certain variants differ in fundamental viral properties and whether such 
differences will need to be incorporated into vaccine strategies. Obviously, such 
studies require well -characterized reference reagents, in particular full length and 
replication competent molecular clones that can be used for functional and biological 
studies. 

Full-length reference sequences representing the various subtypes are 
also urgently needed for phylogenetic comparisons. Until about 1994, it was generally 
thought that individuals do not become infected with multiple distinct HIV-1 strains, 
and so the possibility that recombination between divergent viruses could contribute to 
the evolution of HIV-1 was not widely considered. However, recent analyses of 
subgenomic (23,52,54,58) as well as full-length HIV-1 sequences (7,18,53,60) 
identified a surprising number of HIV-1 strains which clustered in different subtypes 
in different parts of their genome. All of these originated from geographic regions 
where multiple subtypes co-circulated and are the results of co-infections with highly 
divergent viruses (52,60,62). 

Recombinant viruses can be detected because their phylogenetic 
affinities vary depending on the region of genome analyzed. A useful initial approach 
is to examine the extent of sequence divergence/similarity between a new sequence 
and a bank of reference sequences of different subtypes, for example as a diversity plot 
(18), or using the RIP program (75); if the extent of relative similarity to different 
subtypes varies along the sequence, this may indicate that the sequence is a 
recombinant. However, fuller investigation must involve a phylogenetic approach, 
comparing trees derived by analyses of different regions of the genome, and assessing 
the confidence of phylogenetic clustering by a statistical approach such as the 
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bootstrap. A thorough analysis would involve taking a window of sequence of a 
certain size, and moving this window along the genome in steps of a defined size, 
generating perhaps hundreds of trees for visual examination in the process. There are 
at least two short cuts. One is to analyze only a few windows, defining selected 
regions according to the output of the diversity analysis. Another is to not examine the 
entire phylogenetic tree of all subtypes, but to focus on one particular phylogenetic 
question. Thus, if the initial analyses suggest that a sequence may be a recombinant 
between two particular subtypes, it is possible to ask simply what is the bootstrap 
value for the clustering of the new sequence with one or another particular subtype, 
and plot these values as a function of position along the genome; this is the basis of the 
"bootscanning" approach (57). Once the subtypes putatively involved in the 
recombination event have been identified, and the crossover points have been 
approximately localized, more precisely defined breakpoints can be determined, and 
their statistical significance assessed, using informative site analysis (19, 52, 53). 

Detailed phylogenetic characterization revealed that most of the 
recombinant viruses have a complex genome structure with multiple points of 
crossover (7,18,53,60). Some recombinants, like the "subtype E" viruses, which are in 
fact A/E recombinants (7,18), have a wide-spread geographic dissemination and are 
responsible for much of the Asian fflV-1 epidemic (69,70). In other areas, 
recombinants appear to be generated with increasing frequencies as many randomly 
chosen isolates exhibit evidence of mosaicism (4,8,31,66,71). 

Since recombination provides the opportunity for evolutionary leaps 
with genetic consequences that are far greater than the steady accumulation of 
individual mutations, the impact of recombination on viral properties must be 
monitored. Full-length non-recombinant reference sequences for all major HIV-l 
groups and subtypes are thus needed to map and characterize the extent of inter- 
subtype recombination. 

Non-subtype B viruses cause the vast majority of new HIV-l infections 
worldwide. Although their geographic dissemination is carefully monitored, their 
immunogenic and biological properties remain largely unknown, in part because well- 
characterized virological reference reagents are lacking. In particular, full length 
clones and sequences are rare, since subtype classification is frequently based on small 
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PCR-derived viral fragments. There are currently only five full length, non- 
recombinant molecular clones available for viruses other than subtype B (45), and 
these represent only three of the proposed (group M) subtypes (A, C and D). 
Moreover, only three clones (all derived from subtype D viruses) are replication 
competent and thus useful for studies requiring functional gene products (45,48,65). 
Given the unknown impact of genetic variation on correlates of immune protection, 
subtype specific reagents are critically needed for phylogenetic, immunological and 
biological studies. 

SUMMARY OF INVENTION 
The present invention pertains to the isolation and characterization of 
the genomic sequences of 1 1 molecular clones for non-subtype B HIV-1 isolates of 
human immunodeficiency virus type 1 (HIV-1), and nucleic acids derived therefrom. 
Of these 1 1 molecular clones, 94IN476.104, 96ZM651.8, and 96ZM751.3 are non- 
mosaic reference clones of HIV-1 subtype C; 93BR020.1 is a reference clone of HIV- 
1 subtype F; 90CF056.1 is a reference clone of HIV-1 subtype H; 92RW009.6 is a 
double recombinant of HIV-1 subtypes A/C; 92NG083.2 and 92NG003 .1 are double 
recombinants of HIV-1 subtypes A/G; 93BR029.4 is a double recombinant of HIV-1 
subtypes B/F; 94CY017.41 is a double recombinant of HIV-1 subtype A and a new, as 
yet undefined, subtype; and 94CY032.3 is a triple recombinant of HIV-1 subtypes 
A/G/I. 

In particular, the present invention relates to nucleic acids comprising 
the genomic sequences of one or more of these 1 1 clones for non-subtype B HIV-1 
isolates, as well as nucleic acids comprising the complementary (or antisense) 
sequence of one or more of the genomic sequences of these 1 1 clones, and nucleic 
acids derived therefrom. 

The invention also relates to vectors comprising the nucleic acid 
genomic sequence of one or more of these 1 1 clones, as well as nucleic acids 
comprising the complementary (or antisense) sequence of one or more of the genomic 
sequences of these clones, and nucleic acids derived therefrom. 

The invention also relates to cultured host cells comprising the nucleic 
acid genomic sequences of one or more of these 1 1 clones for non-subtype B HIV-1 
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isolates, as well as nucleic acids comprising the complementary (or antisense) 
sequence of one or more of the genomic sequences of these clones, and nucleic acids 
derived therefrom. 

The invention also relates to host cells containing vectors comprising 
the genomic sequences of one or more of these 1 1 clones for non-subtype B HIV-1 
isolates, as well as nucleic acids comprising the complementary (or antisense) 
sequence of one or more of the genomic sequences of these clones, and nucleic acids 
derived therefrom. 

The invention also relates to synthetic or recombinant polypeptides 
encoded by or derived from the nucleic acid sequences of one or more of the genomes 
of these 1 1 clones for non-subtype B HIV-1 isolates, and fragments thereof 

The invention also relates to methods for producing the polypeptides of 
the invention in culture using one or more of these 1 1 clones for non-subtype B HIV-1 
viruses or nucleic acids derived therefrom, including recombinant methods for 
producing the polypeptides of the invention. 

The invention further relates to methods of using the polypeptides of 
the invention as immunogens to stimulate an immune response in a mammal, such as 
the production of antibodies, or the generation of cytotoxic or helper T-lymphocytes. 

The invention also relates to methods of using the polypeptides of the 
invention to detect antibodies which immunologically react with non-subtype B HIV-1 
viruses in a mammal or in a biological sample. 

The invention also relates to kits for the detection of antibodies specific 
for non-subtype B HIV-1 viruses in a biological sample where said kit contains at least 
one polypeptide encoded by or derived from the nucleic acid sequences of the 
invention. 

The invention also relates to antibodies, which immunologically react 
with the virions of one or more of these 1 1 viruses and/or their encoded polypeptides. 

The invention also relates to methods of detecting virions of non- 
subtype B HIV-1 viruses and/or their encoded polypeptides, or fragments thereof, 
using antibodies of the invention. 

The invention also relates to kits for detecting the virions of non- 
subtype B HIV-1 viruses and/or their encoded polypeptides, wherein the kit comprises 
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at least one antibody of the invention. 

The invention also relates to a method for detecting the presence of 
non-subtype B HIV-1 viruses in a mammal or a biological sample, said method 
comprising analyzing the DN A or RNA of a mammal or a sample for the presence of 
the RNAs, cDNAs or genomic DNAs which will hybridize to a nucleic acid derived 
from one or more of these 1 1 non-subtype B HIV-1 molecular clones. Usually, when 
a completely complementary probe is used, high stringency conditions are desirable in 
order to prevent false positives. However, conditions of high stringency should only 
be used if the probes are complementary to target regions which lack heterogeneity. 
The stringency of hybridization is determined by a number of factors during 
hybridization and during the washing procedure, including temperature, ionic strength, 
length of time, and concentration of formamide, if any. The nucleic acid sequences 
used in probes should be unique to HIV, i.e., the nucleic acid sequences should be 
absent from individuals not infected with HIV. 

The invention also provides diagnostic kits for the detection of non- 
subtype B HIV-1 viruses in a mammal using the nucleic acids of the invention. In one 
embodiment, the kit comprises nucleic acids having sequences useful as hybridization 
probes in determining the presence or absence of the RNAs, cDNAs or genomic 
DNAs of non-subtype B HIV-1 viruses. In another embodiment, the kit comprises 
nucleic acids having sequences useful as primers for reverse-transcription polymerase 
chain reaction (RT-PCR) analysis of RNA for the presence of HIV-1 viruses in a 
biological sample. 

The invention further relates to isolated and substantially purified 
nucleic acids, polypeptides and/or antibodies of the invention. 

The invention further relates to compositions comprising one or more 
of the nucleic acids, polypeptides and/or antibodies of the invention. 

The invention also relates to computer-generated alignments of the 
nucleic acid sequences of the viral genomes clones of the 1 1 clones of this invention, 
as well as alignments of the encoded amino acid sequences. These sequence 
alignments serve to highlight regions of homology and non-homology between 
different sequences and hence, can be used in preparing diagnostic reagents as 
described herein. 
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this patent application (highlighted) to representatives of all major HTV>U*(group M) 
subtypes in gag (A) and e«v (B) regions. Trees were constrjiet^afrom fUll-length 
gag and env nucleotide sequences using the neighjjprjtnning method (see text for 
details of methodology). Horizontal brapphiengths are drawn to scale; vertical 
separation is for clarity only. Yakf£s at the nodes indicate the percent bootstraps in 
which the cluster to thg^ri^ht was supported (bootstrap values of 75% and higher are 
shown). Asterijk^^denote hybrid genomes as determined by additional analyses. 
Brackejs^fthe right represent the major sequence subtypes of HIV- 1 group M. Trees 



viral genomes described in this patent application to each other and to ref^tertce 
sequences from the database. In each of panels A- J, the sequengpnlSmed above the 
plots is compared to the sequences listed at the rightJ^^S, LAI, C2220, and NDK 
are published reference sequences for subtyjieS'^B, C and D, respectively. Distance 
values were calculated for a windpw*t)f 500 bp moved in steps of 10 nucleotides. The 
x-axis indicates the nuc^eftfcie positions along the alignment (gaps were stripped and 
removed from^h^luignment). The positions of the start codons of the gag, pot, vif 
vpr, erwf^nd nef genes are shown. The y-axis denotes the distance between the 



Fig .> 3. EApluiaiUiy tr ee a^alyoifr Neighbor joiimiK Ue o ^^ re 
constructed for a 500 bp window moved in increments ofl^QQ-fe^aTong the multiple 
genome alignment. Trees depicting disco rdanjj^raf^mng orders among four of the 1 1 
sequences included in this patent^pptfcation are shown in panels A-I (hybrid 
sequences are bqx^^f-^Tfieposition of each tree in the alignment is indicated; subtypes 
are idemjfi^cfby brackets. Numbers at nodes indicate the percentage of bootstrap 
v&*des with which the adjacent cluster is supported (only values above 80% are 

are drawnJx^ seafe^ 

^^fefe^3a^2^^hd 
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multiple genome alignment and the magnitude of the bootstrap value suj^rfmg the 
clustering of 92RW009.6 with U455 and 92UG037.1 (subtype /^*<€2220 and 
92BR025.8 (subtype C), respectively, was plotted for a win^erw of 500 bp moved in 
increments of 10 bp along the alignment. Regions of^mype A or C origin are 
identified by very high bootstrap values (>90%y**oints of cross-over of the two 
curves indicate recombination breakpoinjs^he beginning of gag, pol, vif y vpr t env 
and we/open reading frames are sjjp^n. The y-axis indicates the percent bootstrap 
replicates, which support t^dustering of 92RW009.6 with representatives of the 
respective subtypes. jf^Bootstrap plots depicting the relationship of 93BR029.4 to 
representatives ^subtype Band F, respectively. Analyses are as in (A), except that 
bootstrap \#flues supporting the clustering of 93BR029.4 with SF2, OYI, MN, LAI and 
RF (s$*#type B), or 93BR020.I (subtype F), respectively, were plotted. Subtype D 
xH&ses were excluded from this analysis because of their known close relationship 



see* 



R^==§^esomk iaa^n b reakoaixil^ ap^ 
92NG003.L Neighbor joining trees depicting discordantb^p«4fffigorders of 
92NG003.1 and 92NG083.2 in regions deline^gd^^reakpoints identified by 
distance plots (not shown) are showfkiff^anels A-D (hybrid sequences are boxed). 
The position of each tr^jj^tffe^lignment is indicated; subtypes are identified by 
brackets. Num^P^nodes indicate the percentage of bootstrap values with which 
the adjapefifcluster is supported (only values above 80% are shown). Branch lengths 

Fig. 6. Inferred structure of the five recombinant genomes included in 
this patent application. LTR sequences were not analyzed and are thus shown as open 
boxes. 



Jfii gi i uoni cA^tiLvoj. ( /j^A^nr frem-oi agar 
Tat (region encoded by second exon) amino acid sequences. Conggastffsequences 
were generated for available representativesof§U*,H^ (question marks 

indicate sites at which fewer Jh3a=#©9o 3 ofthe viruses contain the same amino acid 



Lie identity wiin tin im.^n 1 - 11 ^ 
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■I' cpi v s u n t g ^ |T^ hrtrockrcct l to optim ise u life > niii-Gffit-&r-^ A vo^-tiriLbo^ ^^^sfetS^ 
premature Tat protein truncation (asterisk) whicbJ&^pre§Sntin 11 of 15 subtype D, and 
4 of 52 subtype B vimsesffigqwertCiesare listed in the column on the right). (B) 
Alignment ofdgd«iz€3*Rev (region encoded by the second exon) protein sequences. 

Fig. 8: Generation of replication competent proviral clones from long 
PGR products. The general construction scheme of a replication competent provirus 
from two separately amplified genomic regions is depicted. 

Fig. 9. Diversity plots comparing the sequence relationships of 
94CY032.3 to reference sequences from the database. 92UG037. 1 , LAI, C2220, and 
ELI are reference sequences for subtypes A, B, C and D, respectively. 92NG083.2 is a 
known G/A recombinant, but contains only a small subtype A fragment between 
position 4200 and 4800 (there is presently no full length non-mosaic subtype G 
reference sequence available). Distance values were calculated for a window of 400 
bp moved in steps of 10 nucleotides. The x-axis indicates the nucleotide positions 
along the alignment (gaps were stripped and removed from the alignment). The 
positions of the start codons of the gag, pol, vif y vpr, env, and nef genes are shown. 
The y-axis denotes the distance between the viruses compared (0.05 = 5% difference). 

constructed for a 400 bp window moved in increm^^o^i^Bpalong the multiple 
genome alignment. Trees in panel A^^depictthe discordant branching orders for 
94CY032.3 (highlightei^s^ifeposition of each tree in the alignment is indicated; 
subtypes arej^terffmed by brackets. Numbers at nodes indicate the percentage of 
bcKjjsffap values with which the adjacent cluster is supported (only values above 80% 

Fig. 1 1. Bootstrap plot analysis to map recombination breakpoints in 
94CY032.3. Bootscanning was performed essentially as described, plotting the 
magnitude of the bootstrap value supporting the clustering of 94CY032.3 with 
92UG037.1 (subtype A ) in comparison with that of 94CY032.3 and 92NG083.2 
("subtype G") for a window of 400 bp moved in increments of 10 bp along the 
alignment. Regions of subtype A or G origin are identified by very high bootstrap 
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values (>80%). The location of eight recombination crossovers is indicated. 
Breakpoint analysis between position 4200 and 4800 was not possible due to the 
recombinant nature of 92NG083.2. The beginning of gag, pol vif vpr, env and nef 
open reading frames are shown. The y-axis indicates the percent bootstrap replicates, 
which support the clustering of 94CY032.3 with representatives of the respective 
subtypes. 

Fig. 12. Recombination breakpoint analysis of 94CY032. 3 in the 
vif/vpr region. Neighbor joining trees depicting the position of 94CY032.3 in regions 
flanking the breakpoints identified by distance plot analysis (not shown). Trees were 
constructed from the genomic regions indicated. Subtypes are identified by brackets. 
Four sequences from Mali represent subtype G (these are the only available subtype G 
reference sequences in this region, since all other "subtype G" viruses contain A 
fragments). Numbers at nodes indicate the percentage of bootstrap values with which 
the adjacent cluster is supported (only values above 80% are shown). Branch lengths 
are drawn to scale. 

1 sequences included in this patent application. Sequences were alignedugiaajr^ 
CLUSTAL W and adjusted manually using the sequence editoj^^StT Dots indicate 
gaps introduced to optimize the alignment. The begmpiffffand end of all open reading 
frames are indicated by arrows above or belg^ffte alignment. The homologies 
between the sequences of nucleotkJpflHlfthe eleven independent clones are indicated 
by dashes. Sequencesof^ie6Teotides present uniquely in the various clones (as 
comparedto^h€^onresponding sequences of the other ten clones) are indicated by 
fe^^ ^jCTTtiie sequci icira- xfee^ssb^gs^^ 

¥i§^^r i ^f^tn5~w ^ s equ e nce al ign ment s -e fAeJB frfl poly p^ ntg fes. 
encoded by the 1 1 near full-length HIV-1 sequences includedinjbi« !!S pMent 
application. The homologies between the sequencg^ef'Smno acids in the various 
polypeptides encoded by the eleveni^lepeS^nt clones are indicated by dashes. 
Sequences of amino acj^preSenT uniquely in the various polypeptides (as compared 
to the co^spt5S3mg polypeptides of the other ten clones) are indicated by letters, i .e., 
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encoded by the 1 1 near full-length HIV-1 sequences included int^p^t^^ 
application. The homologies between the sequegciag^fSmno acids in the various 
polypeptides encoded by the elevgiwmlSpe^ent clones are indicated by dashes. 
Sequences of amino^d t S'*present uniquely in the various polypeptides (as compared 
to the con^sptfn&ng polypeptides of the other ten clones) are indicated by letters, i.e., 

Fig. 16. Amino acid sequence alignments of the Vif polypeptides 
encoded by the 1 1 near full-length HIV-1 sequences included in this patent 
application. The homologies between the sequences of amino acids in the various 
polypeptides encoded by the eleven independent clones are indicated by dashes. 
Sequences of amino acids present uniquely in the various polypeptides (as compared 
to the corresponding polypeptides of the other ten clones) are indicated by letters, i.e., 
the sequences themselves. 

Fig. 17. Amino acid sequence alignments of the Vpr polypeptides 
encoded by the 1 1 near full-length HIV-1 sequences included in this patent 
application. The homologies between the sequences of amino acids in the various 
polypeptides encoded by the eleven independent clones are indicated by dashes. 
Sequences of amino acids present uniquely in the various polypeptides (as compared 
to the corresponding polypeptides of the other ten clones) are indicated by letters, i.e., 
the sequences themselves. 

Fig. 18. Amino acid sequence alignments of the Tat polypeptides 
encoded by the 1 1 near full-length HIV-1 sequences included in this patent 
application. The homologies between the sequences of amino acids in the various 
polypeptides encoded by the eleven independent clones are indicated by dashes. 
Sequences of amino acids present uniquely in the various polypeptides (as compared 
to the corresponding polypeptides of the other ten clones) are indicated by letters, i .e., 
the sequences themselves. 

Fig. 19. Amino acid sequence alignments of the Rev polypeptides 
encoded by the 1 1 near full-length HIV-1 sequences included in this patent 
application. The homologies between the sequences of amino acids in the various 
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polypeptides encoded by the eleven independent clones are indicated by dashes. 
Sequences of amino acids present uniquely in the various polypeptides (as compared 
to the corresponding polypeptides of the other ten clones) are indicated by letters, i.e., 
the sequences themselves. 

Fig. 20. Amino acid sequence alignments of the Vpu polypeptides 
encoded by the 1 1 near full-length fflV-1 sequences included in this patent 
application. The homologies between the sequences of amino acids in the various 
polypeptides encoded by the eleven independent clones are indicated by dashes. 
Sequences of amino acids present uniquely in the various polypeptides (as compared 
to the corresponding polypeptides of the other ten clones) are indicated by letters, i.e., 
the sequences themselves. 



Fig. 



encoded by the 1 1 near full-length HIV-1 sequencesi^hidsd=ifffSirpatent 
application. The homologie^be^e^e^e^u^nfmnino acids in the various 
polypeptidesencodjd^^rtntdeven independent clones are indicated by dashes. 
Seque^s^ftmino acids present uniquely in the various polypeptides (as compared 
he corresponding polypeptides of the other ten clones) are indicated by letters, i.e., 
TT'^^^s &jhgmjgJj^ 

Fig. 22. Amino acid sequence alignments of the Nef polypeptides 
encoded by the 1 1 near full-length FflV-1 sequences included in this patent 
application. The homologies between the sequences of amino acids in the various 
polypeptides encoded by the eleven independent clones are indicated by dashes. 
Sequences of amino acids present uniquely in the various polypeptides (as compared 
to the corresponding polypeptides of the other ten clones) are indicated by letters, i.e., 
the sequences themselves. 

DETAILED DFSPRT PTION OF THE INVENTION 
^ ' Iba = B H**^^ relate? tn th* H^om.;^ i^^t^^ggg 

nces of thi complete or near completegenc^s=e^T!c^^b1y^eBfflV-l 
viruses isolated from p^^^akeT^^^Zm^ox epicenters of the global AIDS 
pan ^ m i£b=S^= eec!go ^3esequences of these 1 1 viruses are shown in Fig. 13 (SEQ ID 
' S: — = te= 
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The phrase "derived from" is used throughout the specification and 
claims with respect to nucleic acids to describe nucleic acid sequences which 
correspond to a region of the designated nucleotide sequence. Preferably, the 
sequence of the region from which the nucleic acid is derived is, or is complementary 
to, a sequence which is unique to the genome of any one of the 1 1 clones of this 
invention. However, more preferably, the sequence of the region from which the 
nucleic acid is derived is, or is complementary to, a sequence which is unique to the 
viruses in the subtype corresponding to the subtype of any one of the 1 1 clones of this 
invention, and whose uniqueness was unknown prior to the disclosure of the clones of 
this invention. For example, sequences in the Cyprus clone 94CY032.3 which map to 
the I region are unique wherever they are not identical to known prior art sequences. 
Whether or not a sequence is unique to the genome of one of the molecular clones or a 
subtype can be determined by techniques known to those of skill in the art. For example, 
the sequence can be compared to sequences in databanks, e.g., GenBank, to determine 
whether it is present in the uninfected host or other organisms. The sequence can also be 
compared to the known sequences of other viral agents, including other retroviruses. The 
correspondence or non-correspondence of the derived sequence to other sequences can 
also be determined by hybridization under the appropriate stringency conditions. 
Hybridization techniques for determining the complementarity of nucleic acid sequences 
are well known in the art. In addition, mismatches of duplex polynucleotides formed by 
hybridization can be determined by known techniques, including for example, digestion 
with a nuclease such as SI that specifically digests single-stranded areas in duplex 
polynucleotides. 

Regions of the viral genome from which nucleic acid sequences may be 
derived include, but are not limited to, regions encoding specific epitopes as well as 
non-transcribed and non-translated sequences. Preferably, the epitope is unique to 
HIV viruses in the subtype corresponding to the subtype of the corresponding region 
of a polypeptide encoded by any one of the 1 1 clones of this invention, and whose 
uniqueness was unknown prior to the disclosure of the clones of this invention The 
uniqueness of the epitope may be determined by its immunological reactivity with 
HIV viruses of the subtype and lack of immunological reactivity with other HIV 
viruses of the other subtypes. Methods for determining immunological reactivity are 
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known in the art, e.g., radioimmunoassay and ELISA and other assays mentioned 
herein. The uniqueness of an epitope can also be determined by computer searches of 
known databases, e.g., for the polynucleotide sequences which encode the eptiope, and 
by amino acid sequence comparisons with other known proteins. 

The derived nucleic acid is not necessarily physically derived from the 
nucleotide sequence shown, but may be generated in any manner, including for 
example, chemical synthesis or DNA replication or reverse transcription or 
transcription, which are based on the information provided by the sequence of bases in 
the region(s) from which the nucleic acid is derived. The derived nucleic acid is 
comprised of at least 6-12 bases, more preferably at least 15-19 bases, more preferably 
at least 30 bases. The derived nucleic acid may also be larger, e.g., at least 100 bases 
in length, depending on the desired use of the nucleic acid. In addition, regions or 
combinations of regions corresponding to that of the designated sequence may be 
modified in ways known in the art to be consistent with an intended use. The derived 
nucleic acid may be a polynucleotide or polynucleotide analog. 

The term "recombinant nucleotide" or "recombinant nucleic acid" as 
used herein intends a nucleic acid of genomic, cDNA, semisynthetic, or synthetic 
origin which, by virtue of its origin or manipulation. (1) is not associated with all or a 
portion of the nucleic acid with which it is associated in nature; and/or (2) is linked to 
a nucleic acid other than that to which it is linked in nature. 

The term "polynucleotide" as used herein refers to a polymeric form of 
nucleotides of any length, either ribonucleotides or deoxyribonucleotides. This term 
refers only to the primary structure of the molecule. Thus, this term includes double- 
and single-stranded DNA, as well as double- and single-stranded RNA. It also 
includes modified, for example, by methylation and/or by capping, and unmodified 
forms of the polynucleotide. 

qGence of any one of fhe 11 molecular clones for non-subtype HlV^^^efofthis 
invention as shown in Figv 13 (SEQ ID NOS:__ to _J^^rfragments (or 
partial sequences)t hereof.\The invention ajsoj eigte^gl^c acids having 
complemen^efy^Torantisense^ sequences tothe sequences shown in Fig. 13 (SEQ ID 

mtsJnr f>artjft| gprfiiPn^ -) tin i:uf Tai tial 
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uyqiMiitlLSSS may be obtained by various methods, including IUyiIll!llUll Ul^MJUUITOf 
nucleic acids with sequences shown in Fig. 13 (SEQ ID NOS: <J * r^\ PCR 
amplification, and direct synthesis. Partial sequences rtmjt*+reall or part of the LTR 
and/or\other untranslated regions of the genomegp-erfone or more of the 1 1 viral clones 
of this invention, and/or all or part of "tjj^-g&nes encoding the Gag, Pol, Vif, Vpr, Env, 
Tat, Rev, Nef and Vpu proteinj^ariwor complementary (or antisense) sequences 
thereof. ^Nucleic acidso£die invention also include cDNA, mRN A, and other nucleic 
acids derived frop^fne genomic sequences of one or more of these 1 1 HIV-1 clones. 
Sequencea«ifuie genes encoding Gag, Pol, Vif, Vpr, Env, Tat, Rev, Nef and Vpu are 
^ yrtfttul \ rife - "l ' g * 

Genomic sequences of seven of the 1 1 clones of the invention have 
been made publicly available. The GenBank Accession numbers are as follows: 

Accession No. Sequence ID No. 
U88823 
U88825 
U88826 
AF005494 
AF005495 
AF005496 
AF049337 



Clone 
92RW009.6 
92NG003.1 
92NG083.2 
93BR020.1 
93BR029.4 
90CF056.1 
94CY032.3 
94CY0 17.41 
96ZM651.8 
96ZM751.3 
94IN476.104 



The nucleic acids of the invention may be present in vectors or host 
cells in tissue culture or other media. The nucleic acids of the invention may also be 
isolated and substantially purified by methods known in the art. 

Nucleic acids of about 17 bases to about 35 bases in length are 
particularly preferred for use as primers in PCR amplification (see, e.g., the primers 
UP1 A and R/U5 (17mer and 22mer, respectively) and UP1 AMlul and LowlMlul 
(28mer and 35mer respectively)). Nucleic acids of about 14 to about 25 bases in 
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length are particularly preferred for use in nucleotide arrays. (See, eg., ref. 108, which 

uses 20 to 25 mers). 

The present invention also relates to vectors and host cells comprising 

the nucleic acids of the invention. 

The present invention also relates to compositions comprising one or 
more of the nucleic acids, vectors, and/or host cells of the invention. 

The present invention further relates to methods of using the nucleic 
acids, vectors, and/or host cells of the invention, and/or compositions thereof. For 
example, the invention relates to the use of nucleic acids of the invention as diagnostic 
agents to detect the presence or absence of non-subtype B fflV-1 viruses in a sample. 

The present invention also relates to a method for detecting the 
presence of fflV-1 viruses which are related to the viruses of this invention in a 
mammal, using the nucleic acids of this invention. 

In one embodiment, the detection method involves analyzing DNA 
obtained from a mammal suspected of harboring fflV-1 viruses. DNA can be isolated 
by methods well known in the art. 

The methods for analyzing the DNA for the presence of the viruses of 
this invention include Southern blotting (86), dot and slot hybridization (87), and 
( nucleotide arrays (see, e.g., US 5,445,934 and US 5,733,729). 




56= 



agEFfftelite ds set -forth .nfrfiv^ 

are derived from nucleic acidse^jjeaeeflhown in Fig. 13 (SEQ ID NOS: to ). 

The size of such^p^^s^least 10-12 bases long, more usually at least about 19 
bases longssHtffireusually from about 200 to about 500 bases, and often exceeding 



The nucleic acid probes of this invention may be DNA or RNA. 
Nucleic acids can be synthesized using any of the known methods of nucleotide 
synthesis (see, e.g., refs. 88, 89, 90), or they can be isolated fragments of naturally 
occurring or cloned DNA. In addition, those skilled in the art would be aware that 
nucleotides can be synthesized by automated instruments sold by a variety of 
manufacturers or can be commercially custom ordered and prepared. The probes of 
this invention may also be nucleotide analogs, such as nucleotides linked by 
phosphodiester, phosphorothiodi ester, methylphosphonodiester, or 
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methylphosphonothiodiester moieties (91) and peptide nucleic acids (PNAs), in which 
the sugar-phosphate backbone of the polynucleotide is replaced with a polyamide or 
"pseudopeptide" backbone (92). 

The nucleic acid probes can be labeled using methods known to one 
skilled in the art. Such labeling techniques can include radioactive labels, biotin, 
avidin, enzymes and fluorescent molecules (93). 

^ Ttfi^^yrflHT^f^^ i>o ^ thq rV+ — n^thntii^- y ^t ^ r th_^ly^ 

ived from sequenced substantially homologous to one or more of th^^quences 

shown in Fig. 13 (SEQ ID NOS: to ), or their complement^pftequences. By 

"substantially homologous", as used throughout the speciggrfEion and claims to 



describe the nucleic acid sequence of the present jjygntion, is meant a high level of 
homology between the nucleic acid sequenpeflmd one or more of the sequences of Fig. 

13 (SEQ ID NOS: to ), or iWgdmplementary sequence. Preferably, the level of 

homology is in excess of 80^^or^\preferably in excess of 90%, with a preferred 
nucleic acid sequence^mg in excessW 95% homologous with a portion of one or 

more of the se^j^ces shown in Fig. 13V SEQ ID NOS: to ), or its complement. 

The size^fuch probes is usually at least\20 nucleotides, more usually from about 200 
t§oudes, ana a ofirefrg^ 

Although complete complementarity is not necessary, it is preferred 
that the probes are made completely complementary to the corresponding portion of 
the genome, mRNA or cDNA target of at least one of the 1 1 viruses of this invention. 

The probes can be packaged into diagnostic kits. Diagnostic kits may 
include ingredients for labeling and other reagents and materials needed for the 
particular hybridization protocol in addition to the probes. 

In another embodiment of the invention, the detection method 
comprises analyzing the RNA of a mammal for the presence of HIV- 1 viruses which 
are related to one or more of the 1 1 the viruses of this invention. RNA can be isolated 
by methods well known in the art. 



this invention include Northern blotting (94), dot andjJo£ 
hybridization (95), RNase 
rga£±i 



ion, filter 

reverse-transcription polymerase chain 
pfeE£@€h? ^ iou is I n t hi s liTt^fe^fe^RNA,, 
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.can fre-r^a*^ a nucleic acTO pnmer orpr 

derived from one\pr more of the nucleotide sequences shown in Fig. 13 (Si^TD 

NOS: to ). \)nce the cDNAs are synthesized, PCR amplification is carried out 

using pairs of primerk designed to hybridize with sequences^fhe genomes of one or 
more of the non-subtyp& B HIV-1 viruses of this inven&i€n which are an appropriate 
distance apart (at least abVit 50 bases) to perm^^lification of the cDNA and 
subsequent detection of the\mplificationDpdauct. Each primer of a pair is a single- 
stranded nucleic acid of aboutao t^Kout 60 bases in length where one primer (the 
"upstream" primer) is complepa^rtary to the original RNA and the second primer (the 
"downstream" primer)j^€^plen^ntary to the first strand of cDNA generated by 
reverse transcrip^ffs of the RNA. The target sequence is generally about 100 to about 
300 bases ia^ngth but can be as largeVs 500-1500 bases or more, e.g., 9,000 bases. 
Optimi^Kon of the amplification reaction to obtain sufficiently specific hybridization 
to|J^e nucleotide sequences of these viruses is well within the skill in the art and is 

The amplification products of PCR can be detected either directly or 
indirectly. In one embodiment, direct detection of the amplification products is carried 
out via labeling of primer pairs. Labels suitable for labeling the primers of the present 
invention are known to one skilled in the art and include radioactive labels, biotin, 
avidin, enzymes and fluorescent molecules. The desired labels can be incorporated 
into the primers prior to performing the amplification reaction. Alternatively, the 
desired labels can be incorporated into the primer extension products during the 
amplification reaction in the form of one or more labeled dNTPs. In one embodiment 
of the present invention, the labeled amplified PCR products can be detected by 
agarose gel electrophoresis followed by ethidium bromide staining and visualization 
under ultraviolet light or via direct sequencing of the PCR-products. The labeled 
amplified PCR products can also be detected by binding to immobilized 
oligonucleotide arrays. 

In yet another embodiment, unlabelled amplification products can be 
detected via hybridization with labeled nucleic acid probes in methods known to one 
skilled in the art, such as dot or slot blot hybridization or filter hybridization. 

The invention also relates to methods of using these nucleic acids to 

iQ 
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produce polypeptides in vitro or in vivo. 

In one embodiment of the invention, a recombinant method of making a 
polypeptide of the invention comprises: 

(a) preparing a nucleic acid capable of directing a host cell to 
produce a polypeptide encoded by the genome of any one of the non-subtype B HIV-1 
viruses of this invention; 

(b) cloning the nucleic acid into a vector capable of being 
transferred into and replicated in a host cell, such vector containing operational 
elements for expressing the nucleic acid, if necessary; 

(c) transferring the vector containing the nucleic acid and 
operational elements into a host cell capable of expressing the polypeptide; 

(d) growing the host under conditions appropriate for expression of 
the polypeptide; and 

(e) harvesting the polypeptide. 

The present invention also relates to non-recombinant methods of 
making the polypeptides and nucleic acids of the invention. In addition to synthetic 
methods, the non-recombinant methods involve culturing the viruses of this invention 
in cell lines, preferably in uninfected human peripheral blood mononuclear cells, under 
conditions appropriate for expression of the polypeptides and nucleic acids. This 
invention thus also relates to the polypeptides and nucleic acids produced by the virus 
in cell culture. The polypeptides and nucleic acids may be isolated and purified by 
methods known in the art. 

The vectors contemplated for use in the present invention include any 
vectors into which a nucleic acid sequence as described above can be inserted, along 
with any preferred or required operational elements, and which vector can then be 
subsequently transferred into a host cell and, preferably, replicated in such cell. 
Preferred vectors are those whose restriction sites have been well documented and 
which contain the operational elements preferred or required for transcription of the 
nucleic acid sequence. Vectors may also be used to prepare large amounts of nucleic 
acids of the invention, which may be used, e.g., to prepare probes or other nucleic acid 
constructs. 

When expression of a polypeptide is desired, the "operational 
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elements" as discussed herein include at least one promoter sequence capable of 
initiating transcription of the nucleic acid sequence, at least one leader sequence, at 
least one terminator codon and/or termination signal, and any other DNA sequences 
necessary or preferred for appropriate transcription and subsequent translation of the 
vector nucleic acid. In particular, it is contemplated that such vectors will preferably 
contain at least one origin of replication recognized by the host cell along with at least 
one selectable marker. 

Preferred expression vectors of this invention are those which function 
in bacterial and/or eukaryotic cells. Examples of vectors which function in eukaryotic 
cells include, but are not limited to Venezuelan equine encephalitis virus vectors, 
simian virus vectors, vaccinia virus vectors, adenovirus vectors, herpes virus vectors, 
or vectors based on retroviruses, such as murine leukemia virus, or HIV or other 
lentivirus (97). 

The selected expression vector may be transfected into a suitable 
bacterial or eukaryotic cell system for purposes of expressing the recombinant 
polypeptide. Eukaryotic cell systems include but are not limited to cell lines such as 
HeLa, COS-1, 293T , MRC-5, or CV-1 cells. Primary human cells, such as lymph 
node cells, macrophages, etc., are also useful in practicing the invention. 

The expressed polypeptides may be detected directly by methods 
known in the art including, but not limited to, Coomassie blue staining and Western 
blotting or indirectly, such as in detection of the expression product of a reporter gene, 
such as luciferase. 

In another embodiment of the invention, the method comprises 
administering a composition comprising a vector comprising a nucleic acid of the 
invention to a mammal to produce a polypeptide in vivo. 

The present invention also relates to polypeptides encoded by and/or 
derived from the nucleotide sequences of this invention. These polypeptides may be 
natural, synthetic or produced by recombinant methods. Polypeptides can be obtained 
as a crude lysate or can be purified by standard protein purification procedures known 
in the art which may include differential precipitation, molecular size exclusion 
chromatography, ion-exchange chromatography, isolectric focusing, gel 
electrophoresis and affinity and immunoaffinity chromatography. The polypeptides 
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may be purified by passage through a column containing a resin which has bound 
thereto antibodies specific for an open reading frame (ORF) polypeptide. The present 
invention also relates to compositions comprising one or more of the polypeptides of 
the invention. 

A polypeptide or amino acid sequence derived from a designated 
nucleic acid sequence refers to a polypeptide having an amino acid sequence identical 
to that of a polypeptide encoded by the sequence, or a portion thereof wherein the 
portion consists of at least 6-8 amino acids, and more preferably at least 10 amino 
acids, and more preferably at least 1 1-15 amino acids, and most preferably at least 30 
amino acids or which is immunologically cross-reactive with a polypeptide encoded 
by the sequence. The polypeptide may also be larger, e.g., at least 100 amino acids in 
length, depending on the desired use of the polypeptide. Polypeptides from the V3- 
loop region and the "crown" of gp41 of Env are particularly preferred. 

A recombinant or derived polypeptide is not necessarily translated from 
a designated nucleic acid sequence; it may be generated in any manner, including for 
example, chemical synthesis, or expression of a recombinant expression system, or 
isolation from any of the 1 1 HIV-1 viruses of this invention. 

It should be noted that the nucleotide sequences described herein 
represent one embodiment of the present invention. Due to the degeneracy of the 
genetic code, it is to be understood that numerous choices of nucleotides may be made 
that will lead to a sequence capable of directing production of the polypeptides set 
forth above. As such, nucleic acid sequences which are functionally equivalent to the 
sequences described herein are intended to be encompassed within the present 
invention. For example, preferred codons which are appropriate to the host cell may 
be used (see, e.g., WO 98/34640), or the sequence may be modified to reduce the 
effect of any inhibitory/instability sequences and to provide for Rev-independent gene 
expression. (98). 

more preferably at least 13-18 amrbo acids, even more preferat 



19-24 amino 



acids and most preferafel 



The present invention further relates to the use of polypeptides of the 
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invention as diagnostic agents. 

In one embodiment, the polypeptides of the invention can be used in 
immunoassays for detecting the presence of antibodies against non-subtype B HIV-1 
viruses in a mammal and for diagnosing the presence of infection of any of these 
viruses in a mammal. 

For the purposes of the present invention, "mammal" as used 
throughout the specification and claims, includes, but is not limited to humans, 
chimpanzees, mangabeys, other other primates. 

In a preferred embodiment, test serum is reacted with a solid phase 
reagent having a surface-bound polypeptide of this invention as an antigen. The solid 
surface reagent can be prepared by known techniques for attaching polypeptides to 
solid support material. These attachment methods include non-specific adsorption of 
the polypeptide to the support or covalent attachment of the polypeptide to a reactive 
group on the support. After reaction of the antigen with an antibody against any one 
of the viruses of this invention in the serum, unbound serum components are removed 
by washing and the antigen-antibody complex is reacted with a secondary antibody 
such as labeled anti-human antibody. The label may be an enzyme which is detected 
by incubating the solid support in the presence of a suitable fluorimetric or 
colorimetric reagent. Other detectable labels may also be used, such as radiolabels or 
colloidal gold, and the like. 

Immunoassays of the present invention may be a radioimmunoassay, 
Western blot assay, immunofluorescent assay, enzyme immunoassay, 
chemiluminescent assay, immunohistochemical assay and the like. Standard 
techniques for ELISA are well known in the art. Such assays may be a direct, indirect, 
competitive, or noncompetitive immunoassay as described in the art {see, e,g,, ref 99). 
Biological samples appropriate for such detection assays include, but are not limited to 
serum, liver, saliva, lymphocytes or other mononuclear cells. 

Polypeptides of the invention may be prepared in the form of a kit, 
alone, or in combinations with other reagents such as secondary antibodies, for use in 
immunoassays. 

In yet another embodiment, the polypeptides of the invention can be 
used as immunogens to raise antibodies and/or stimulate cellular immunity in a 
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mammal. 

The immunogen may be a partially or substantially purified peptide. 
Alternatively, the immunogen may be a cell, cell lysate from cells transfected with a 
recombinant expression vector, or a culture supernatant containing the expressed 
polypeptide. The immunogen may comprise one or more structural proteins, and/or 
one or more non-structural proteins of the HIV-1 clones of this invention, or a mixture 
thereof. 

The effective amount of polypeptide per unit dose sufficient to induce 
an immune response depends, among other things, on the species of mammal 
inoculated, the body weight of the mammal and the chosen inoculation regimen, as 
well as the presence or absence of an adjuvant, as is well known in the art. Inocula 
typically contain polypeptide concentrations of about 1 microgram to about 50 
milligrams per inoculation (dose), preferably about 10 micrograms to about 10 
milligrams per dose, most preferably about 100 micrograms to about 5 milligrams per 
dose. 

The term "unit dose" as it pertains to the inocula refers to physically 
discrete units suitable as unitary dosages for mammals, each unit containing a 
predetermined quantity of active material (polypeptide) calculated to produce the 
desired immunogenic effect in association with the required diluent. 

Inocula are typically prepared as a solution in a physiologically 
acceptable carrier such as saline, phosphate-buffered saline and the like to form an 
aqueous pharmaceutical composition. 

The route of inoculation of the polypeptides of the invention is typically 
parenteral and is preferably intramuscular, sub-cutaneous and the like. The dose is 
administered at least once. In order to increase the antibody level, at least one booster 
dose may be administered after the initial injection, preferably at about 4 to 6 weeks 
after the first dose. Subsequent doses may be administered as indicated. 

To monitor the antibody response of individuals administered the 
compositions of the invention, antibody titers may be determined. In most instances it 
will be sufficient to assess the antibody titer in serum or plasma obtained from such an 
individual Decisions as to whether to administer booster inoculations or to change the 
amount of the composition administered to the individual may be at least partially 
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based on the titer. 

The titer may be based on an immunobinding assay which measures the 
concentration of antibodies in the serum which bind to a specific antigen. The ability 
to neutralize in vitro and in vivo biological effects of the viruses of this invention may 
also be assessed to determine the effectiveness of the immunization. 

For all therapeutic, prophylactic and diagnostic uses, the polypeptide of 
the invention, alone or linked to a carrier, as well as antibodies and other necessary 
reagents and appropriate devices and accessories may be provided in kit form so as to 
be readily available and easily used. 

Where immunoassays are involved, such kits may contain a solid 
support, such as a membrane (e.g., nitrocellulose), a bead, sphere, test tube, microtiter 
well, rod, and so forth, to which a receptor such as an antibody specific for the target 
molecule will bind. Such kits can also include a second receptor, such as a labeled 
antibody. Such kits can be used for sandwich assays. Kits for competitive assays are 
also envisioned. 

The immunogens of this invention can also be generated by the direct 
py administration of nucleic acids of this invention to a subject. DNA-based vaccination 

!jr has been shown to stimulate humoral and cellular responses to HIV-1 antigens in mice 

(100-103) and macaques (103, 104). More recent studies in infected chimpanzees 
have shown a possible application of this strategy in HIV-1 -infected humans: DNA 
vaccination of HIV-1 -infected chimpanzees with a construct that drives expression of 
HIV-1 env and rev appeared well-tolerated, and immunized animals demonstrated a 
boost in antibody response followed by a >1 log decrease in their virus loads (104). A 
DNA-based vaccine containing HIV-1 env and rev genes was injected into HIV- 
infected human patients in three doses (30, 100 or 300 micrograms) at 10- week 
intervals. Increased antibodies against gpl20 were observed in the 100 and 300 |_ig 
groups. Increases were also noted in cytotoxic T lymphocyte (CTL) activity against 
gpl60-bearing targets and in lymphocyte proliferative activity (105, 106). DNA-based 
vaccines containing HlV^g genes, with modification of the viral nucleotide sequence 
to incorporate host-preferred codons {see, e.g., WO 98/34640), and/or to reduce the 
effect of inhibitory/instability sequences (see, e.g., ref 98), have likewise been 
described. 
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Therefore, it is anticipated that the direct injection of RNA or DNA 
vectors of this invention encoding viral antigen can be used for endogenous expression 
of the antigen to generate the viral antigen for presentation to the immune system 
without the need for self-replicating agents or adjuvants, resulting in the generation of 
antigen-specific CTLs and protection from a subsequent challenge with a homologous 
or heterologous strain of virus. 

CTLs in both mice and humans are capable of recognizing epitopes 
derived from conserved internal viral proteins and are thought to be important in the 
immune response against viruses. By recognition of epitopes from conserved viral 
proteins, CTLs may provide cross-strain protection. CTLs specific for conserved viral 
antigens can respond to different strains of virus, in contrast to antibodies, which are 
generally strain-specific. 

Thus, direct injection of RNA or DNA encoding the viral antigen-has 
the advantage of being without some of the limitations of direct peptide delivery or 
viral vectors (see, e.g., ref 107 and the discussions and references therein). 
Furthermore, the generation of high-titer antibodies to expressed proteins after 
injection of DNA indicates that this may be a facile and effective means of making 
antibody-based vaccines targeted towards conserved or non-conserved antigens, either 
separately or in combination with CTL vaccines targeted towards conserved antigens. 
These may also be used with traditional peptide vaccines, for the generation of 
combination vaccines. Furthermore, because protein expression is maintained after 
DNA injection, the persistence of B and T cell memory may be enhanced, thereby 
engendering long-lived humoral and cell-mediated immunity. 

Nucleic acids encoding a polypeptide of this invention can be 
introduced into animals or humans in a physiologically or pharmaceutical^ acceptable 
carrier using one of several techniques such as injection of DNA directly into human 
tissues; electroporation or transfection of the DNA into primary human cells in culture 
(ex vivo), selection of cells for desired properties and reintroduction of such cells into 
the body, (said selection can be for the successful homologous recombination of the 
incoming DNA to an appropriate preselected genomic region); generation of infectious 
particles containing the gag and/or other genes encoded by the viruses of this 
invention, infection of cells ex vivo and reintroduction of such cells into the body; or 
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direct infection by said particles in vivo. Substantial levels of polypeptide will be 
produced leading to an efficient stimulation of the immune system. 

Also envisioned are therapies based upon vectors, such as viral vectors 
containing nucleic acid sequences coding for the polypeptides described herein. These 
molecules, developed so that they do not provoke a pathological effect, will stimulate 
the immune system to respond to the polypeptides. 

The effective amount of nucleic acid immunogen per unit dose to 
induce an immune response depends, among other things, on the species of mammal 
inoculated, the body weight of the mammal and the chosen inoculation regimen, as is 
well known in the art. Inocula typically contain nucleic acid concentrations of about 1 
microgram to about 50 milligrams per inoculation (dose), preferably about 10 
micrograms to about 10 milligrams per dose, most preferably about 100 micrograms to 
about 5 milligrams per dose. 

Immunization can be conducted by conventional methods. For 
example, the immunogen can be used in a suitable diluent such as saline or water, or 
complete or incomplete adjuvants. Further, the immunogen may or may not be bound 
to a carrier. While it is possible for the immunogen to be administered in a pure or 
substantially pure form, it is preferable to present it as a pharmaceutical composition, 
formulation or preparation. 

The formulations of the present invention, both for veterinary and for 
human use, comprise an immunogen as described above, together with one or more 
physiologically or pharmaceutical^ acceptable carriers and optionally other 
therapeutic ingredients. The carrier(s) must be "acceptable" in the sense of being 
compatible with the other ingredients of the formulation and not deleterious to the 
recipient thereof. The formulations may conveniently be presented in unit dosage 
form and may be prepared by any method well-known in the pharmaceutical art. The 
immunogen can be administered by any route appropriate for antibody production 
such as intravenous, intraperitoneal, intramuscular, subcutaneous, and the like. The 
immunogen may be administered once or at periodic intervals until a significant titer 
of antibody against any of the 1 1 viruses of this invention is produced. The antibody 
may be detected in the serum using an immunoassay. The host serum or plasma may 
be collected following an appropriate time interval to provide a composition 
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comprising antibodies reactive with the virus particle or encoded polypeptide. The 
gamma globulin fraction or the IgG antibodies can be obtained, for example, by use of 
saturated ammonium sulfate or DEAE Sephadex, or other techniques known to those 
skilled in the art. 

In addition to its use to raise antibodies, the administration of the 
immunogens of the present invention may be for use as a vaccine for either a 
prophylactic or therapeutic purpose. When provided prophylactically, a vaccine(s) of 
the invention is provided in advance of any exposure to any one or more of the 1 1 non- 
subtype B viruses of this invention or in advance of any symptoms due to infection of 
these viruses. The prophylactic administration of a vaccine(s) of the invention serves 
to prevent or attenuate any subsequent infection of these viruses in a mammal. When 
provided therapeutically, a vaccine(s) of the invention is provided at (or shortly after) 
the onset of infection or at the onset of any symptom of infection or any disease or 
deleterious effects caused by these viruses. The therapeutic administration of the 
vaccine(s) serves to attenuate the infection or disease. The vaccine(s) of the present 
invention may, thus, be provided either prior to the anticipated exposure to the viruses 
of this invention or after the initiation of infection. 

In another embodiment, the polypeptides of the invention can be used 
to prepare antibodies against epitopes of the viruses of this invention that are useful in 
diagnosis. 

The term "antibodies" is used herein to refer to immunoglobulin 
molecules and immunologically active portions of immunoglobulin molecules. 
Exemplary antibody molecules are intact immunoglobulin molecules, substantially 
intact immunoglobulin molecules and portions of an immunoglobulin molecule, 
including those portions known in the art as Fab, Fab', F(ab*) 2 and F(v) as well as 
chimeric antibody molecules. 

An antibody of the present invention is typically produced by 
immunizing a mammal with an immunogen or vaccine of the invention. In one 
embodiment, the immunogen or vaccine contains one or more polypeptides of the 
invention, or a structurally and/or antigenically related molecule, to induce, in the 
mammal, antibody molecules having immunospecificity for the immunizing peptide or 
peptides. The peptide(s) or related molecule(s) may be monomeric, polymeric, 
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conjugated to a carrier, and/or administered in the presence of an adjuvant. In another 
embodiment, the immunogen or vaccine contains one or more nucleic acids encoding 
one or more polypeptides of the invention, or one or more nucleic acids encoding 
structurally and/or antigenically related molecules, to induce, in the mammal, the 
production of the immunizing peptide or peptides. The antibody molecules may then 
be collected from the mammal if they are to be used in immunoassays or for providing 
passive immunity. 

The antibody molecules of the present invention may be polyclonal or 
monoclonal. Monoclonal antibodies may be produced by methods known in the art. 
Portions of immunoglobulin molecules may also be produced by methods known in 
the art. 

The antibody of the present invention may be contained in various 
carriers or media, including blood, plasma, serum (e.g., fractionated or unfractionated 
serum), hybridoma supernatants and the like. Alternatively, the antibody of the 
present invention is isolated to the extent desired by well known techniques such as, 
for example, by using DEAE SEPHADEX, or affinity chromatography. The 
antibodies may be purified so as to obtain specific classes or subclasses of antibody 
such as IgM, IgG, IgA, IgGi, IgG 2 , IgG 3 , IgG 4 and the like. Antibody of the IgG class 
are preferred for purposes of passive protection. 

The presence of the antibodies of the present invention, either 
polyclonal or monoclonal, can be determined by, but are not limited to, the various 
immunoassays described above. 

The antibodies of the present invention have a number of diagnostic 
and therapeutic uses. The antibodies can be used as an in vitro diagnostic agent to test 
for the presence of any one or more of the 1 1 HIV-1 viruses of this invention in 
biological samples in standard immunoassay protocols. Preferably, the assays which 
use the antibodies to detect the presence of these viruses in a sample involve 
contacting the sample with at least one of the antibodies under conditions which will 
allow the formation of an immunological complex between the antibody and the viral 
antigen that may be present in the sample. The formation of an immunological 
complex if any, indicating the presence of one or more of these viruses in the sample, 
is then detected and measured by suitable means. Such assays include, but are not 
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limited to, radioimmunoassays, (RIA), ELISA, indirect immunofluorescence assay, 
Western blot and the like. The antibodies may be labeled or unlabeled depending on 
the type of assay used. Labels which may be coupled to the antibodies include those 
known in the art and include, but are not limited to, enzymes, radionucleotides, 
fluorogenic and chromogenic substrates, cofactors, biotin/avidin, colloidal gold and 
magnetic particles. Modification of the antibodies allows for coupling by any known 
means to carrier proteins or peptides or to known supports, for example, polystyrene or 
polyvinyl microtiter plates, glass tubes or glass beads and chromatographic supports, 
such as paper, cellulose and cellulose derivatives, and silica. 

Such assays may be, for example, of direct format (where the labeled 
first antibody reacts with the antigen), an indirect format (where a labeled second 
antibody reacts with the first antibody), a competitive format (such as the addition of a 
labeled antigen), or a sandwich format (where both labeled and unlabelled antibody 
are utilized), as well as other formats described in the art. In one such assay, the 
biological sample is contacted with antibodies of the present invention and a labeled 
second antibody is used to detect the presence of any one of the HIV-1 viruses of this 
invention, to which the antibodies are bound. 

The antibodies of the present invention are also useful as a means of 
enhancing the immune response. 

The antibodies may be administered with a physiologically or 
pharmaceutically acceptable carrier or vehicle therefor. A physiologically acceptable 
carrier is one that does not cause an adverse physical reaction upon administration and 
one in which the antibodies are sufficiently soluble and retain their activity to deliver a 
therapeutically effective amount of the compound. The therapeutically effective 
amount and method of administration of the antibodies may vary based on the 
individual patient, the indication being treated and other criteria evident to one of 
ordinary skill in the art. A therapeutically effective amount of the antibodies is one 
sufficient to reduce the level of infection by one or more of the viruses of this 
invention or attenuate any dysfunction caused by viral infection without causing 
significant side effects such as non-specific T cell lysis or organ damage. 

The route(s) of administration useful in a particular application are 
apparent to one or ordinary skill in the art. Routes of administration of the antibodies 
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include, but are not limited to, parenteral, and direct injection into an affected site. 
Parenteral routes of administration include but are not limited to intravenous, 
intramuscular, intraperitoneal and subcutaneous. 

The present invention includes compositions of the antibodies 
described above, suitable for parenteral administration including, but not limited to, 
pharmaceutical^ acceptable sterile isotonic solutions. Such solutions include, but are 
not limited to, saline and phosphate buffered saline for intravenous, intramuscular, 
intraperitoneal, or subcutaneous injection, or direct injection into a joint or other area. 

Antibodies for use to elicit passive immunity in humans are preferably 
obtained from other humans previously inoculated with pharmaceutical compositions 
comprising one or more of the polypeptides of the invention. Alternatively, antibodies 
derived from other species may also be used. Such antibodies used in therapeutics 
suffer from several drawbacks such as a limited half-life and propensity to elicit an 
immune response. Several methods are available to overcome these drawbacks. 
Antibodies made by these methods are encompassed by the present invention and are 
included herein. One such method is the "humanizing" of non-human antibodies by 
cloning the gene segment encoding the antigen binding region of the antibody to the 
human gene segments encoding the remainder of the antibody. Only the binding 
region of the antibody is thus recognized as foreign and is much less likely to cause an 
immune response. 

In providing the antibodies of the present invention to a recipient 
mammal, preferably a human, the dosage of administered antibodies will vary 
depending upon such factors as the mammal's age, weight, height, sex, general 
medical condition, previous medical history and the like. 

In general, it is desirable to provide the recipient with a dosage of 
antibodies which is in the range of from about 5 mg/kg to about 20 mg/kg body weight 
of the mammal, although a lower or higher dose may be administered. In general, the 
antibodies will be administered intravenously (IV) or intramuscularly (IM). 

The invention also relates to the use of antisense nucleic acids to inhibit 
translation of peptides encoded by the HIV-1 viruses of this invention. The antisense 
nucleic acids are complementary to the viral mRNAs encoding peptides of this 
invention. The antisense nucleic acids may be in the form of synthetic nucleic acids or 
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they may be encoded by a nucleotide construct, or they may be semi-synthetic. The 
antisense nucleic acids may be delivered to the cells using methods known to those 
skilled in the art. 

Kits designed for diagnosis of the HIV-1 viruses of this invention in a 
biological sample can be constructed by packaging the appropriate materials, including 
the nucleic acids and/or polypeptides of this invention and/or antibodies which 
specifically react with antigens of one or more of these viruses, along with other 
reagents and materials required for the particular assay. 

( 'lhe pi^ui invention nmrenwauk m mmpmu ^eiicra^ n ri igr ^j i ti 

ofany one or more pf the nucleotide sequences shn^iuJ.hi^fH^nfyiTIQ TP NOS: to 

). Computer ^alysis^ sequences, such as the one shown in Fig. 

13, caj^^-e^f^edout using commercially available computer program known to one 
all in thi rirti 




Hill Uiie einb^iliineiil, 111B MJLiuemcs &liuwn in Ti^- 19 ^B < H S tf* 
to yare aligned by the computer program CLUST^JU^^Sndadjusted with 

tiple-aligned sequence editor nZ^^Hfe^computer analysis results in the 
distribution of 1 1 seq^aee^nto various genotypes. Five of these sequences represent 
non-recomJtuwflTT members of HIV-1 subtypes, and the other six sequences represent 
mtersuDtyp^recomBHI3TTTS ,> ^ 
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The grouping of the molecular clones into mosaic and non-mosaic 
genotypes is shown below: 



Name of Clone 


Genotypes 


94CY017.41 


A/? 


94IN476.104 


C 


96ZM651.8 


C 


96ZM751.3 


c 


93BR020.1 


F 


90CF056.1 


H 


92RW009.6 


A/C 


92NG083.2 


A/G 


92NG003.1 


A/G 


93BR029.4 


B/F 


94CY032.3 


A/G/I 


For those sequences representing recombinant members of HIV- 1, a 



variety of phylogenetic methods were used to further characterize the subtype 
composition. 

Tho4imltiplo oomputui ^uiUUUUl dliglliuuilj uf umlujlidi jLimyj ww 
are shown in Figure 13. The multiple computer-generated almnj3i©etr^Fencoded 
amino acid sequences are shown in FiguresJJs23r"TTiese alignments serve to 
highlight regions of homolog^a#l!on-homology between different sequences and 
hence, ca n be ussd »&^one skilled in the art to design oligonucleotides and 
JM*£gentiHeiK useful ni rmgnnl I illlli IIJII I I ll I Ijl flllllll'-l 

The following examples illustrate certain embodiments of the present 
invention, but should not be construed as limiting its scope in any way. Certain 
modifications and variations will be apparent to those skilled in the art from the 
teachings of the forgoing disclosure and the following examples, and these are 
intended to be encompassed by the spirit and scope of the invention. 
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EXAMPLE 1 



Materials and Methods 



Virus isolates 



All viruses used were propagated in normal donor peripheral blood 



mononuclear cells (PBMCs) and thus represent primary isolates. Their biological 
phenotype (SI/NSI), year of isolation, relevant epidemiological and clinical 
information, as well as appropriate references are summarized in Table 1. For 
consistency, isolates are labeled according to WHO nomenclature (28). Preliminary 
subtype classification was made on the basis of partial env and/or gag gene sequences 



cultured PBMC DNA essentially as described (18,56) using the GeneAmp XL kit 
(Perkin Elmer Cetus, Foster Gity, Calif) and primers spanning the tRNA primer 
binding site (upstream primer Wl A: 5'-AGTGGCGCCCGAACAGG-3 ') (SEQ ID 

NO: ) and the R/U5 junctionun the 3' long terminal repeat (downstream primer 

Low2: 5'-TGAGGCTTAAGCAGTGGGTTTC-3 ') (SEQ ID NO: ). Some isolates 

were amplified with primers containing Mlul restriction enzyme sites to facilitate 
subsequent subcloning into plasmid Sectors (upstream primer UP1 AMlul: 5'- 

TCTCTacgcgtGGCGCCCG AAC AGGGAC-3 ' (SEQ ID NO: ); downstream 

primer LowlMlul: 5'- ACCAGacgcgtACAACAGACGGGCACACACTA-CTT-3' 

(SEQ ID NO: ); lower case letters indicate the Mlul restriction site). Whenever 

possible, PBMC DNAs were diluted prior tfo PCR analysis to attempt amplification 

from single proviral templates. Cycling conditions included a hot start (94°C, 2 min), 
followed by 20 cycles of denaturation (94°C; 3X) sec) and extension (68°C; 10 min), 
followed by 17 cycles of denaturation (94°C; 30stec) and extension (68°C, lOmin) 
with 15 second increments per cycle. PCR product^ were visualized by agarose gel 
electrophoresis and subcloned into pCRII by T/A overhang or following cleavage with 
Mlul into a modified pTZ18 vector (pTZ18Mlul) containing a unique Mlul site in its 
polylinker. Transformations were performed in INVaF'^cells, and colonies were 
screened by restriction enzyme digestion for full length inserts (transformation 



(1,17,19,43). 



Amplification of near complete HIV- 1 genomes using long PCR methods 

(Near) full>length HIV-1 genomes were amplified from short-term 
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efficiencies were generally poor yielding only a few recombinant colonies; however, 
once subcloned, full length genomes were stable in their respective vectors). One full 
length clone per isolate was randomly chosen for subsequent sequence analysis. 

Construction of a full length and infectious molecular clone of 94UG1 14. 1 

A 674 bp fragment spanning most of the viral LTR (lacking 1-92 of U3 
sequences) as well as the untranslated leader sequence preceding gag, was amplified 
from 94UG1 14 PBMC DNA, using primers and conditions described previously (18). 
After sequence confirmation, this LTR fragment was cloned into the pTZ18Mlul 
vector, which was subsequently cleaved with Narl (in the primer binding site) and 
Mlu\ (in the polylinker) to allow the insertion of the 94UG1 14. 1 long PCR product 
cleaved with the same restriction enzymes. The resulting plasmid clone comprised a 
full length 94UG1 14.1 genome with 3' and 5' LTR fragments containing all regulatory 
elements necessary for viral replication. A similar strategy could be used to construct 
replication competent genomes for all 1 1 clones reported in this application. 

Sequence analysis of HIV- 1 genomes 

A number of the clones described herein were sequenced using the 
shotgun sequencing approach (37). Briefly, viral genomes were released from their 
respective plasmid vectors by cleavage with the appropriate restriction enzymes, 
purified by gel electrophoresis, and sonicated (Model XL2020 Sonicator; Heat System 
Inc., Framingdale, N.Y.) to generate randomly sheared DNA fragments 600-1,000 bp 
in length. Following purification by gel electrophoresis, fragments were end-repaired 
using T4 DNA polymerase and Klenow enzyme and ligated into Smal digested and 
dephosphorylated Ml 3 or pTZ18 vectors. Approximately 200 shotgun clones were 
sequenced for each viral genome using cycle sequencing and dye terminator 
methodologies on an automated DNA sequenator (Model 377A; Applied Biosystems, 
Inc.). Sequences were determined for both strands of DNA. Other clones were 
sequenced directly using the primer walking approach (primers were designed 
approximately every 300 bp along the genome for both strands). Proviral contigs were 
assembled from individual sequences using the SEQUENCHER program (Gene Codes 
Corporation, Ann Arbor, Mich.). Sequences were analyzed using EUGENE (Baylor 
College of Medicine, Houston, TX) and MASE (12)^ 
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Phylogenetic tree analysis 

Phylogenetic relationships of the newly derived viruses were estimated 
from sequence comparisons with previously reported representatives of HIV- 1 group 
M (45). Multiple gag and env sequence alignments were obtained from the Los 
Alamos sequence database (http://hiv-webJanl.gov/HTML/alignments.html). Newly 
derived gag and env sequences were added to these alignments using the CLUSTAL 
W profile alignment option (67) and adjusted manually using the alignment editor 
MASE (12). All partial sequences were removed from these alignments. Sites where 
there was a gap in any of the remaining sequences, as well as areas of uncertain 
alignment, were excluded from all sequence comparisons. Pairwise evolutionary 
distances were estimated using Kimura's two parameter method to correct for 
superimposed substitutions (26). Phylogenetic trees were constructed using the 
neighbor-joining method (55), and the reliability of topologies was estimated by 
performing bootstrap analysis using 1,000 replicates (13). NJPLOT was used to draw 
trees for illustrations (49). Phylogenetic relationships were also determined using 
maximum-parsimony (with repeated randomized input orders; ten iterations) as well as 
maximum-likelihood approaches, implemented using the programs DNAPARS and 
DNAML from the PHYLIP package (14). 

Complete genome alignment 



previously reported (45) full length representatives of HIV- 1 subtype A (U445), B 
(LAI, RF, OYI, MN, SF2), C (C2220), D (ELI, NDK, Z2Z6), and "E" (90CF402.1, 
93TH253.3, CM240) as well as SIVcpzGAB as an outgroup using the CLUSTAL W 
(67) profile alignment option (the alignment includes the untranslated leader sequence, 
gag, pol, vif, vpr, tat t rev, vpu, env, nef and available 3' LTR sequences). Sequences 
that needed to be excluded from any particular analysis were removed only after gap- 
tossing was performed on the complete alignment containing all sequences. This 
ensured that all positions were comparable in different runs with different sequences. 

Diversity plots 

The percent diversity between selected pairs of sequences was 
determined by moving a window of 500 bp in 10 bp increments along the genome 



All newly derived HIV-1 genome sequences were aligned with 
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alignment. The divergence values for each pairwise comparison were plotted at the 
midpoint of the 500 bp segment. 

Bootstrap plots 

Bootscanning was performed on neighbor-joining trees using 
SEQBOOT, DNADIST (using Kimura's correction), NEIGHBOR and CONSENSUS 
from the PHYLIP package (14) for a window of 500 bp moved along the alignment in 
increments of 10 bp. 1000 replicates were evaluated for each phylogeny. The program 
ANALYZE from the bootscanning package (57) was used to examine the clustering of 
the putative hybrid with representatives of the subtypes presumed to have been 
involved in the recombination event. The bootstrap values for these sequence were 
plotted at the midpoint of each window. 

Exploratory tree analysis 

Exploratory tree analysis was performed using the bootstrap plot 
approach described above, except in this case an increment of 100 bp was used and 
each neighbor-joining tree was viewed using DRAWTREE from the PHYLIP package 
(14). In addition, all full length sequences (except known recombinants) were included 
into the analysis. 

Informative site analysis 

To estimate the location and significance of cross-overs, each putative 
hybrid sequence was compared with a representative of each of the two subtypes 
inferred to have been involved in the recombination event, and an appropriate 
outgroup. Recombination breakpoints were mapped by examining the linear 
distribution of phylogenetically informative sites supporting the clustering of the 
hybrid with each of the two "parental" subtypes, essentially as described (52,53). 
Potential breakpoints were inserted between each pair of adjacent informative sites, 
and the extent of heterogeneity between the two sides of the breakpoint, with respect 
to numbers of the two kinds of informative site, was calculated as a 2 x 2 chi square 
value; the likely breakpoint was identified as that which gave the maximal chi-square 
value. Since the alignments contained more than one putative cross-over, this analysis 
was performed looking for one and two breakpoints at a time, and repeated on 
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subsections of the alignment defined by breakpoints already identified. To assess the 
probability of obtaining (by chance) chi-square values as high as those observed, 
10,000 random permutations of the informative sites were examined 

Nucleotide sequence accession numbers 

GenBank accession numbers for several of the (near) full length HIV-1 
proviral sequences disclosed in this application are listed in Table 2, and are hereby 
incorporated by reference. 

EXAMPLE 2 
Identification of non-subtype B HIV-1 viruses 

Molecular cloning of non-subtype B HIV-1 isolates 

Of the geographically diverse HIV-1 isolates described herein, five had 
previously been classified as members of (group M) subtypes A (92RW009), F 
(92BR020, 92BR029), and G (92NG003, 92NG083) on the basis ofenv (17,19) and/or 
gag sequences (1). One (90CF056) was chosen because it originated from a major 
epicenter of the African AIDS epidemic. In addition, 90CF056 was of interest because 
it did not fall into any known subtype at the time of its first genetic characterization 
(43). Isolates from Zambia (96ZM65 1 and 96ZM75 1) and India (94IN476) were 
chosen because of the known subtype C prevalence in those countries. The two 
isolates from Cyprus (94CY017 and 94CY032) were selected because of the extensive 
diversity of HIV-1 in the drug user population (29). Table 1 summarizes available 
demographic and clinical information, as well as biological data concerning the isolate 
phenotype (SI/NSI). Only viruses grown in normal donor PBMCs were selected for 
analysis. 
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The viral genomes were cloned by long PCR methods using primers 
homologous to the tRNA primer binding site (upstream primer) and the 
polyadenylation signal in the 3' LTR (downstream primer). This amplification 
strategy generated (near) full length genomes containing all coding and regulatory 
regions, except for 70 to 80 bps of 5* unique LTR sequences (U5). All isolates, 
regardless of subtype classification, yielded long PCR products with the same set of 
primer pairs. In some instances, genomes were amplified with primers containing 
Mlu\ restriction enzyme sites. This greatly facilitated subsequent subcloning into a 
plasmid vector (Table 2). 

Sequence analysis of (near) full length HIV- 1 genomes 

All eleven HIV-1 genomes were sequenced in their entirety using either 
shotgun sequencing or primer walking approaches. The long PCR derived clones 
ranged in size from 8,952 to 8,999 base pairs, and spanned the genome from the 
primer binding site to the RAJS junction of the 3' LTR. Inspection of potential coding 
regions revealed that all clones contained the expected reading frames for gag y pol, vif y 
vpr, tat, rev, vpu, env and nef. In addition, all major regulatory sequences, including 
promotor and enhancer elements in the LTR, the packaging signal, splice sites, etc., 
appeared to be intact. None of the genomes had major deletions or rearrangements, 
although inspection of the deduced protein sequences identified inactivating mutations 
in seven of the eleven clones (Table 2). However, most of these were limited to point 
mutations in single genes and were thus amenable to repair. Only two genomes 
(92NG003.1 and 92NG083.2) contained stop codons, small deletions and frameshift 
mutations in several genes, rendering them multiply defective. Importantly, no 
inactivating mutations were identified in 93BR020.1 (subtype F), 90CF056.1 (subtype 
H), and 96ZM651.8 (subtype C), suggesting that these clones encoded biologically 
active genomes (Table 2). Nucleic acids containing repaired coding sequences, as 
well as the polypeptides encoded by the repaired coding sequences, are also 
considered to be a part of the invention. 
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EXAMPLE 3 
Phylogenetic analyses in gas and env regions 
i ilnl in i iiini thn [rhj'lrjj i 1' 1 '' 1 '[ ri ' 1 1 j h 

herein, evolutionary trees from full length gag and env sequences were firs^X'^ 
constructed. This was done to confirm the authenticity of previouslv^^racterized 
strains, classify the new viruses, and compare viral branching of^rs in trees from two 
genomic regions. The results confirmed a broad subtypereffresentation among the 
selected viruses (Fig. 1). Strains fell into six of the^ven major (non-B) clades, 
including three for which full length sequen^are not available (i.e., F, G and H). 
However, comparison of the gag and^tUopologies also identified three strains with 
discordant branching orders. 9^RW009.6 grouped with subtype C viruses in gag, but 
with subtype A viruses in^lvT Similarly, 93BR029.4 clustered with subtype B viruses 
in gag t but with subJyffeF viruses in env. 94CY0 17.41 appeared to cluster within 
subtype A viru^dsin env, but fell into an unknown subtype in gag. However, 
charactej^Stion of the latter strain is still ongoing. These different phylogenetic 
poaiffons were supported by high bootstrap values and thus indicated that these strains 
WgT5 IhUnmibiypy l^UJlllbiuiiHto. 

EXAMPLE 4 
Diversity plots 

To characterize the putative recombinants as well as the other strains in 
regions outside gag and env, pairwise sequence comparisons with available full length 
sequences from the database were performed. A multiple genome alignment was 
generated which included the new sequences as well as U455 (subtype A), LAI, RF, 
OYI, MN and SF2 (subtype B), C2220 (subtype C), ELI, NDK and Z2Z6 (subtype D), 
and 90CF402.1, 93TH253.3 and CM240 ("subtype E H ). The percent nucleotide 
sequence diversity between sequence pairs was then calculated for a window of 500 bp 
moved in steps of 10 bp along the alignment. Importantly, distance values were 
calculated only after all sites with a gap in any of the sequences were removed from 
the alignment. This ensured that all comparisons were made across the same sites. 

L 
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Fig. 2 depicts selected distance plots for the newly characterized 
viruses. For example in Fig. 2A, 93BR020. 1 (putative subtype F) is compared to 
U455 (subtype A), NDK (subtype D), C2220 (subtype C) and 90CF056. 1 (putative 
subtype H). The resulting plots all exhibit very similar diversity profiles characterized 
by alternating regions of sequence variability and conservation (values range from 7% 
divergence near the 5* and 3* ends of pol, to 30% in the segment of env encoding the 
V3 region). Moreover, the four plots are virtually superimposable, indicating that 
92BR020. 1 is roughly equidistant from U455, NDK, C2220 and 90CF056. 1 over the 
entire length of its genome. A very similar set of distance curves was also obtained 
from comparisons of 94CY017.41 with 90CF056.1, 92BR025.8, 93BR020.1, U455, 
and NDK (Fig. 2B), and from comparisons of both 93BR020.1 and 90CF056.1 with 
representatives of subtype B and "E" (data not shown). These results indicating that 
93BR020.1 and 90CF056.1 are equidistant from each other as well as from members 
of subtypes A, B, C, D and "E", together with the gag and env phylogenetic trees (Fig. 
1), suggest that 93BR020.1 and 90CF056.1 represent non-recombinant members of 
subtypes F and H, respectively. 

Very similar data were also obtained when 90CF056.1 was subjected to 
diversity plot analysis using the same set of reference sequences (Fig. 2F). Again, 
distance curves exhibited very similar profiles indicating approximate equidistance 
among the strains analyzed, except when viruses from the same subtype were 
compared. For example, in Fig. 2C distances between 94IN476.104 (putative subtype 
C) and U455, 93BR020.1, 90CF056.1, NDK and 92BR025.8, respectively, are 
depicted. As expected, the 92BR025.8 (putative subtype C) plot falls clearly below all 
others, indicating the lower level of sequence divergence between viruses from the 
same subtype (ranging from about 4% in pol to about 17% in env). Importantly, 
however, inter- and intra- diversity plots follow each other very closely, i.e., the same 
genomic regions exhibit proportionally higher and lower levels of divergence. See 
also the diversity plot analysis for 92ZM651.8 (Fig. 2G) and 96ZM751.3 (Fig. 2H). 
Thus, both at the level of inter- and intra-subtype comparisons, there was no evidence 
of mosaicism in the genomes of these three viruses. Together with the results in Fig. 
1, this suggests that strains 94TN476.104, 96ZM651.8 and 96ZM751.3 represent non- 
mosaic members of subtype C. 
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By contrast, the diversity plots of the putative recombinants 
92RW009.6 (Fig. 2D) and 93BR029.4 (Fig. 21) exhibited disproportionate levels of 
sequence divergence from different subtypes along their genome, consistent with their 
discordant branching orders in gag and env trees. As shown in Fig. 2D, 92RW009.6 is 
most similar to the subtype C strain C2220 in the 5' half of gag, most of pol, vif, vpr, 
as well as nef (the C2220 curve falls below all others). However, in the 3' end of gag, 
the 5' end of pol, and most of env, 92RW009.6 is most similar to the subtype A strain 
U455 (the U455 curve falls below all others). Similarly in Fig. 21, 93BR029.4 is most 
similar to the subtype B strain LAI in gag, pol and vpr, while it is most similar to the 
putative subtype F strain 93BR020. 1 in vif, env and »e/regions. In each case, the 
magnitude of the difference between the new sequence and the most similar subtype 
was no greater than the diversity seen within subtypes. Thus, these data suggest that 
92RW009.6 and 93BR029.1 represent mosaics, comprised of subtypes A/C and B/F, 
respectively. In each case, the plots suggested several (at least four) cross-overs; these 
are the minimum number of recombination breakpoints, since the window size used 
makes it unlikely that recombinant regions shorter than 500 bp would be detected. 

Finally, inspection of the diversity plots for 92NG003 .1 (Fig. 2 J) and 
92NG083.2 (Fig. 2E) also revealed disproportionate levels of sequence variation, 
although not as pronounced as for 92RW009.6 and 93BR029.4. Isolates 92NG003. 1 
and 92NG083.2 are equidistant from members of subtypes A-F and H for the most part 
of their genome, suggesting that they represent an independent subtype, i.e., subtype 
G. However, in the vif/vpr region the U455 distance plot falls below all others, 
suggesting a disproportionately closer relationship to subtype A. Assuming that U455 
is non-mosaic, these results suggest that both 92NG003.1 and 92NG083.2 contain 
short fragments of subtype A sequence in the central region of their genome. 

EXAMPLE S 
Exploratory tree analyses 

r I I I | i lr| i 1 ii M i n lin j i n ii iii r* h ° 'j 

relative to each other and to the referencr ~r ni H II Ill i nlin \_ 

expjoratflBUiir'i -,-ni;uyses were performed using the same multiple genome alignment 
g Sho7atari fui ll in li j | j | , |ntn (Fig. J). A tulul uf ?j) ulu IUUI LUH&UUUud fu, . » 
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As expected, four genomes were identified that clustered in different suhfe^fsin 
different parts of their genome. These included 93BR029.4 whic^dfeniated between 
subtypes F and B, 92RW009.6 which alternated between sjjfefypes A and C, and 
92NG083.2 and 92NG003.1 which grouped either ind^endently or within subtype A. 
Interestingly, the latter two strains exhibited dis£kfct patterns of mosaicism. In trees 
spanning the region 3501-4000, 92NG00^clustered within subtype A, while 
92NG083.2 clustered independently^fresumably representing subtype G. In contrast 
to these strains, there was no ejgidence for a hybrid genome structure in 94IN476. 104, 
96ZM65 1.8, 96ZM75 1 .3^BR020. 1 or 90CF056. 1 . These viruses branched 
consistently in all regions analyzed. Based on these findings and the results from the 
diversity plots^Cppeared that five of the eleven selected fflV-1 strains represent non- 
recombinap£*feference strains for subtypes C (94IN476.104, 96ZM651.8, 
96ZM^f 3), F (93BR020.1) and H (90CF056.1), respectively, while at least five are 
im^fsubtype recombinants. CY0 17.41 may be recombinant, but work is in progress in 



EXAMPLE 6 
Recombination breakpoint analysis 
<5g ^an th e l o radnjo^^ te^^^ ill "?RW 00£n: 1 

and 93BR029.4, bootstrap plots and informative site analyses were used (1^5^53). 
Unrooted trees were constructed which included U455, 92UG037. 1, L^dfMN, OYI, 
SF2, RF, C2220, 92BR025.1, NDK, ELI, Z2Z6, 93BR020.1 an^foo56.1; then the 
magnitude of the bootstrap values supporting (i) the clustj£i*fg of 92RW009.6 with 
members of subtype A (U455, 92UG037.1) or C (2p6f92BR025.8), as well as (ii) the 
clustering of 93BR029.4 with members of sub^fteB (LAI, MN, OYI, MN, RF) or F 
(92BR020.1) was determined (in the ljtt^etfcase subtype D viruses were excluded 
because of their known close rej^lfdnship to subtype B viruses). Fig. 4 depicts the 
results of 797 such phylojjetffetic analyses generated for each genome, performed on a 
window of 500 iujpJ€mides moved in steps of 10 nucleotides. Very high bootstrap 
values(>^e9o5supporting the clustering of 92RW009.6 with subtype C were apparent 
i fV Wr th e V two thW ^xj£pt>t\ and ntf. By ujiuidst, J ^ hiriuuiu Umit>tt i^£> 
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TORWOOQ.ti - mlli jubtypo A wac ^ppmrrnt in thr fffitffrnf mrnrlnp nnri« 
In a small region (4,000 to 4,200) in the middle of the genome, 92RA$#lG9*6 , appeared 
not to cluster significantly with either subtype, butfiiiJl>©p-tftspection revealed that this 
was due to a small number of informati^p-ertSs!These data thus indicated four points 
of recombination crossovei^Jtertfteen subtypes A and C (Fig. 4 A). A similar analysis 
identified six recpiwttfnation breakpoints between subtypes B and F in 93BR029.4 
(Fig. 4p}< F fhese included two more (in gag) than were apparent from the diversity 

jt annlj-nir (rnmpirii Fi£ ?X inrli i i ■ I ■ ■ l j II T 'MI 111 """""'""'y "Phul jj j i 

To map the recombination cross-over points in 92RW009.6 and 
93BR029.1 more precisely, the distribution of phylogenetically informative sites 
supporting alternative tree topologies were examined (52,53). Briefly, this was done 
in a four sequence alignment which included the query sequence, a representative of 
each of the two subtypes presumed to have been involved in the recombination event, 
and an outgroup. Breakpoints were identified by looking for statistically significant 
differences in the ratios of sites supporting one topology versus another. Consistent 
with the bootscanning data, this analysis identified four breakpoints in 92RW009.6, 
and six in 93BR029.4 (Table 3). A schematic representation of the mosaic genomes of 
92RW009.6 and 93BR029.4 is depicted in Figure 6. 
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Table 3. Informative site analysis of 92RW009.6 and 93BR029.4 



Clone 


Region* 


Subtype 




Info miati ve 
Sites 




92KW009.6 


1-1037 


C 


subtype A 
(U455) 

8 


subtype C 
(C2220) 

32 


outgroup 
(NDK) 

8 




1085-1940 


A 


17 


5 


4 




1986-5288 


C 


18 


99 


27 




5293-7238 


A 


60 


9 


13 




7254-8431 


C 


12 


55 


12 








subtype B 
(LAI) 


subtype F 
(93BR020) 


outgroup 
(C2220) 


93BR029.4 


1-735 


B 


18 


6 


3 




755-896 


F 


1 


10 


0 




930-4247 


B 


99 


10 


14 




4340-4668 


F 


2 


15 


1 




4787-5166 


B 


15 


0 


5 




5244-8242 


F 


15 


139 


13 




8250-8429 


B 


13 


0 


0 



Numbers mark positions in the four sequence alignment which includes the untranslated leader 
^TT,il: X ff 8 (121 - 1537 >^ o/ (1370-4340), v,/(4285-4856), vpr (4799-5073), the first tat exon 
(5054-5271), vpu ■ (5276-5488), env (5406-7726), /w>/(7727-8313) and the 3' LTR (7991-8468) Note 
that positron 8468 does not correspond to the end of the LTR but is the last position in the alignment 
after gaps have been tossed. The 5' LTR is not included in the alignment. 

D e w auui "uflUiiriuuk- u frpf u ll l ulglU bUuiyp e" Cj' i y i brw ie e-oeqq^n ooa 
recombination breakpoint analysis of 92NG003.1 and 92NG083.2 required^rlJifferent 
approach. The analyses summarized in Fig. 2 and Fig. 3 suggeste^LtHaUhese two 
viruses contained subtype A sequences in the middle of the>^nome. To attempt to 
confirm this, and to define the extent of these piujatja^lubtype A fragments, a more 
detailed diversity plot analysis of the viraJ^fdo^Tegion (between position 3,000 and 
6,000) was performed using differe^vtrtl strains and varying window sizes (ranging 
from 200 to 400 bp) to examipe^the extent of sequence divergence of 92NG083 .2 and 
92NG003. 1 from memfeelTof other subtypes, including subtype A. Diversity plots for 
92NG003.1 oofflfared to U455, C2220, NDK and 92NG083.2 and for 92NG083.2 
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t e ifclUfe a winJovV WLV uP30Q Up ITlUVml 111 ULps uf 10 bp uluiig UlB ailgllHUim j {Salh 
shown). Similar to the data shown in Fig. 2, the two "subtype G" viruses are ratf^hly 
equidistantly related to members of subtypes A (U455), C (C2220), and^*fNDK), 
except for two regions in 92NG003. 1 and one region in 92NG083.2^nere both 
viruses are disproportionately more closely related to U455 th^rthey are to each other. 
Noting the points at which the "G"-A distance increase&^drdecreases relative to the 
others allowed the tentative identification of reconamnation breakpoints. For example, 
at position 3400, the U455 plot falls where^die C2220, NDK and 92NG083.2 plots 
do not, and around site 3600 the U455^!ot crosses the 92NG083.2 plot. Bearing in 
mind the window size of 300 nucleotides, this finding suggested that a recombination 
cross-over occurred arougeF'position 3500. Similar "G"-A plot crossings around 
positions 3800^3@0and 5200 (in the diversity plot for 92NG003.1), and around 
positiorjgfd^fX) and 4800 (in the diversity plot for 92NG083.2), suggested additional 
iimliuii biuikpuhil s. 



defined by these putative breakpoints (Fig. 5). This analysis generally supported the 
conclusions drawn from the diversity plots, i.e., 92NG003.1 cl^t€?ed with subtype A 
viruses in the region between 3501 and 3800, whereas^2T^G083 .2 did not; and both 
92NG003.1 and 92NG083.2 clustered with sub^pe A viruses in the region 4201 and 
4800. However, neither the diversity Dj^t^or the tree analysis allowed the definition 
of the boundaries of the subtyp^^nagments with certainty. Nevertheless, the data 
indicated that (i) both 92^0583. 2 and 92NG003. 1 represent G/A recombinants, (ii) 
that they are the resjdfftof different recombination events because some of their 
breakpoints M^learly different, and (iii) that 92NG083.2 likely encodes a non- 
recombjp^mt pol gene. A schematic representation of the mosaic genomes of 




EXAMPLE 7 
Subtype specific genome features 
Wu'uiiy ulwiiiHUU Uwi IIUW WlW>Ui> Willi i^p^jojJa&SSSBf^ 
assignments, their sequei ^es J AM ^€ » 'Cx T af i i i I ' fCt r t 'or clade-sp eci fi c signature sequences. 

fUCeU ainlHfl tUMU smqUBIieeii BU»U l by i feLnoyoovorn.l.subtypoiDp»wfic 
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frame stop codon in the second exon of tat, which removes 13 to 16 aipktffacids from 
the carboxy terminus of the Tat protein (Fig. 7 A). Similarly^Ji*€ubtype C viruses 
(including 94IN476.104, 96ZM651.8 and 96ZM75 13>e£!ntain a stop codon in the 
second exon of rev which would be predictedte'^torten this protein by 16 amino acids 
(Fig. 7B). Subtype C viruses also contajitfli 15 base pair insertion at the 5' end of the 
vpu gene (Fig. 7C) which extendg#tite putative membrane spanning domain of the Vpu 
protein by 5 amino acidsGferanot shown). Although these changes are unlikely to 
alter the function o^lferespective gene products in a major way (e.g., the known 
functional domains of both Tat and Rev proteins are not affected by these changes), it 
is posgj&fe^ that they could influence their mechanism of action in a subtle (but 
rt^vu lliilcss 1 IfflriugfrcaHy "important) ' maww wv 
TS Of the eleven non-subtype B clones identified herein, phylogenetic 

analysis identifies five of these viruses as non-recombinant members of subtypes C 
(three), F and H, which increases the number of non-subtype B reference strains 
available. Among these, the (near) full length genomes of 93BR020. 1 and 90CF056. 1 
represent the first such strains for subtypes F and H, respectively. Five of the other 
viruses were found to represent complex mosaics of subtypes A and C, A and G (two), 
B and F and A, G and I. One, 94CY017.41, is not yet fully characterized. Both A/G 
recombinants originated from Nigeria, but must have arisen from independent 
recombination events since they are not closely related and differ in their patterns of 
mosaicism. One of these (92NG083.2) appears to contain only a single short (perhaps 
600bp) segment of subtype A origin in the vif/vpr region, and in the absence of (as yet) 
any full length subtype G virus, thus serves as a (non-mosaic) subtype G 
representative for gag, pol, env, and nef regions. Importantly, the genomes were 
generated in such a way that they can be tested for biological activity following a 
simple reconstruction step. An example of such a reconstructed genome giving rise to 
replication competent virus (94UG1 14. 1) demonstrates that this approach is feasible. 
See "Materials and Methods," supra, and the schematic diagram in Figure 8. 

Given the apparent prevalence of mosaic viruses, it is clear that subtype 
specific reference strains can only be defined as such after comprehensive 
recombination analysis. Small subgenomic fragments or even frill length gag and env 
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sequences are not sufficient to identify all hybrid genomes. Although multiple cross- 
overs are a characteristic feature of retroviral recombination and have been found in 
many of the mosaic HIV-1 genomes examined (7,19,53,60,62), the examples of 
92NG003.1 and 92NG083.2 demonstrate that cross-overs may be confined to regions 
outside of gag and env. Thus, elimination of the possibility that a virus is recombinant 
requires the determination of substantial (if not all) portions of its genome. As a 
consequence, subtype specific reference reagents, such as immunogens for cross-clade 
CTL and neutralization assays, should be derived from viral isolates for which a 
complete genome has been characterized. 

These considerations emphasize the need for detailed analyses using 
reliable methods for identification of recombinant viral sequences. The above results 
indicate that diversity plots, depicting the distance between the query sequence and a 
set of reference sequences in moving windows along the genome, represent an 
excellent initial screening tool. The extent of sequence divergence (between any pair 
of viruses) varies along the genome, but since all plots are shown in the same graph, 
particular regions where the query sequence is anomalously highly similar to (or 
divergent from)-other sequences can be readily identified. For example, this approach 
uncovered the subtype A-like regions in the middle of the putative "subtype G" 
genomes 92NGO03.1 and 92NG083.2 (Figs 2J and 2E; Fig. 5). However, the results 
from such analyses relying only on extents of sequence divergence must be treated 
with some caution, because they are susceptible to variation in evolutionary rate in 
different lineages. Once suspicious regions have been identified, phylogenetic 
analyses of windows of sequence around these regions can be used to look for 
discordant branching orders, and to identify the subtypes likely to have been involved 
in the recombination event. The bootstrap value supporting the clustering of the query 
sequence with sequences of the supposed "parental" subtypes can be examined, again 
in moving windows along the genome. Finally, informative site analysis can be used 
to map as precisely as possible the breakpoints of the putative recombination events 
(52,53). 

Clearly, recombination analysis relies on the availability of accurately 
defined non-mosaic reference sequences. Thus, location of the breakpoints in the two 
G/A recombinant viruses identified here must remain tentative because of the lack of 
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such reference sequences for subtype G. The precise positions of breakpoints in the 
recently characterized Thai and CAR "subtype E" viruses are similarly uncertain 
(7,18), in this case for lack of a complete non-mosaic subtype E reference sequence. It 
should also be emphasized that currently designated reference sequences may require 
revision in the future. For example, the inadvertent inclusion of recombinant 
"reference" sequences in previous tree analyses (19,40) led to an incorrect subtype 
assignment of subtype G and "E" gp41 sequences. As more sequences become 
available, it is thus possible that one or more of the viral sequences currently 
designated as non-recombinant may be identified as a hybrid. 




Example 8 

Identification of the HIV-1 Clone 94CY032.3 
Full length reference clones and sequences are currently available for 
eight HIV-1 group M subtypes (A - H), but none have been reported for subtypes 1 
and J, which have only been identified in a handful of individuals. Phylogenetic 
information for subtype I, in particular, is limited since only a very small env gene 
fragment (400 bp in the C2-V3 region) obtained from only two individuals (a 
heterosexual couple of intravenous drug users from Cyprus) has been analyzed. To 
characterize subtype I in greater detail, long range PCR was employed to clone a full 
length provirus (94CY032.3) from a short-term cultured isolate (94CY032) 
established from one of the two individuals originally reported to be infected with this 
subtype. 

\ Using primer* homologous to the tRNA primer binding site (5'- 

TCTCT-acgcgtGGCGCCCGAACAGGGAC-3' (SEQ ID NO: ), lower case 

letters indicate an Mlul site) anti the polyadenylation signal in the 3' LTR (5- 

ACCAGacgcgtACAACAGACG^G-CACACACTACTT-3) (SEQ ID NO: ), 

long range PCR was used to amplitV near full length genomic fragments, which 
contained all coding and regulatory regions except for 102 bp of 5' unique LTR 
sequences (U5) (for methodological details concerning the long range PCR approach 
see refs. 18, 56, 79). Amplification products were subcloned into an a plasmid 
vector, mapped by restriction enzyme digestion, and one clone (94CY032.3) was 
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selected for further analysis. A 694 bp fragment spanning the remainder of the LTR 
was amplified separately using a semi-nested approach (18). 

The complete sequence of 94CY032.3 was determined using the primer 
walking approach [GenBank accession numbers: AF049337 (genome) and AF049338 
(LTR)]. Examination of potential coding regions revealed the expected reading 
frames for gag, pol, vif, vpr, tat, rev, vpu, env and nef (Fig. 13). None of the genes 
contained major deletions, insertions or rearrangements. However, both env and vif 
genes contained single in-frame stop codons (Fig. 13). There was also a frameshift at 
position 5199 (single base pair insertion) which altered the C-terminus (last six amino 
q acid residues) of the Vpr protein. All other protein domains of known function as 

f? well as major regulatory sequences, including the primer binding site, the packaging 

SO signal and major splice sites, appeared to be intact. Similarly, the number, position 

jr and consensus sequences of promoter and enhancer elements in the 94CY032.3 LTR 

JJI were indistinguishable from those of most other HIV-1 strains, except for the 

5 presence of an unusual TATA sequence (TAAAA), thus far only found in "subtype 

j~£ E" (A/E) viruses from Thailand and the Central African Republic (7, 18). 

Ij; To compare 94CY032.3 to previously reported subtype I sequences, a 

phylogenetic tree was constructed from C2-V3 sequences, including representatives 
of all 10 known group M subtypes (data not shown). As expected, 94CY032.3 
clustered most closely with CYH0321 and CYH0322, sequences amplified from 
uncultured PBMC DNA of the same individual (H032) from whom the 94CY032 
isolate was derived. 94CY032.3 also clustered very closely with CYH03 1 1, a 
sequence derived from the sexual partner of H032 (29), strongly suggesting that the 
two infections were epidemiologically linked. Finally, as observed in the past (29), 
all subtype I sequences clustered independently, forming a distinct lineage roughly 
equidistant from all other subtypes, including subtype J (30). These findings thus 
confirmed the authenticity of the 94CY032.3 clone and validated it as a representative 
of subtype I in the C2-V3 region of the viral envelope. 

To characterize the remainder of the 94CY032.3 genome, pairwise 
sequence comparisons were then performed with recently reported non-mosaic 
I reference sequences for subtypes A-H (32, 79) as well as selected intersubtype 

£ recombinants (83). This approach has been useful for identifying regions of unusual 
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sequence similarity (or dissimilarity) as an indicator of recombination (18, 79). 
Briefly, 94CY032.3 was added (using the profile alignment option of CLUSTAL W; 
27) to a multiple genome alignment which included a total of 28 sequences from the 
database (81) representing subtypes A (U455, 92UG037.1), B (LAI, RF, OYI, MN 
and SF2), C (C2220, 92BR025.8), D (NDK, Z2Z3, ELI, 84ZR085.1, 94UG1 14.1), F 
(93BR020.1), and H (90CF056.1) as well as A/C (ZAM184, 92RW009.6), A/G 
(92NG083.2, 92NG003.1, Z321, IBNG), A/D (MAL), and A/E (93TH253.3, CM240, 
90CF402. 1) and B/F (93BR029.4) recombinants (SIVcpzGAB was included as an 
outgroup). All sites with a gap in any of the sequences were removed from the 
alignment to ensure that all comparisons were made across the same sites. The 
percent nucleotide sequence diversity between 94CY032.3 and selected other viruses 
was then calculated for sequence pairs by moving a window of 400 bp in steps of 10 
bp along the genome. 

Fig. 9 depicts five such distance plots which illustrate the extent of 
sequence divergence of 94CY032.3 from representatives of subtypes A (92UG037.1), 
B (LAI), C (C2220), D (ELI) and G/(A) (92NG083.2). The analysis yielded a set of 
distance curves with very similar (and for the most part superimposable) diversity 
profiles, suggesting that 94CY032.3 was roughly equidistant from the other subtypes 
in most regions of its genome (the same results were also obtained when 94CY032.3 
was compared to representatives of subtypes A/E, F, and H; data not shown). 
However, careful inspection of the graphs revealed several small areas of 
disproportionate sequence similarity involving two of the five reference sequences. 
For example, at the 3" end of gag and the 3' end of pol, 92NG083.3 dropped below all 
others, indicating a relative greater similarity of 94CY032.3 to subtype G. Similarly, 
in the 5* end of gag, vif and the 3' and 5* end of env 9 92UG037.1 fell below all others, 
indicating a relative greater similarity of 94CY032.3 to subtype A. Together, these 
results suggested that 94CY032.3 contained subtype A and G-like segments, in 
addition to regions that appeared to be equidistant from the other subtypes. 

Relative differences in the extent of sequence similarity as determined 
by diversity plots (18, 79) or other methods of distance measurement (75) are not 
always an indicator of recombination, but can reflect variations in the evolutionary 
rates of the lineages compared. To determine whether 94CY032.3 was truly mosaic, 
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an exploratory tree analysis was then performed to look for significantly discordant 
phylogenetic positions for different parts of its genome (Fig. 10). Using the same 
multiple genome alignment described above, but excluding all known recombinants 
(except 92NG083.3 and 92NG003.1), unrooted trees were constructed for 
overlapping fragments of 400 bp, moved in 10 bp increments along the alignment (for 
subtypes B and D only three representatives were included). Inspection of the 
resulting topologies revealed that 94CY032.3 changed its phylogenetic position a 
total often times, alternating between subtype A (Fig. 10A, E, G and J; panels 201- 
600, 4241-4640, 5071-5470 and 6821-7220), subtype G (Fig. 10B, D and H; panels 
1 101-1500, 3841-4240 and 5471-5870), and an independent position (Fig. 10C, E, I 
and K; panels 1751-2150, 4641-5040, 5901-6300 and 7901-8300) that was very 
similar to the one observed in the C2-V3 region (all discordant positions were 
supported by significant bootstrap values). Since the latter has served as the basis for 
subtype I definition, it is most parsimonious to assume that all independently 
grouping segments in 94CY032.3 are of a common origin and thus represent "subtype 
I". 94CY032.3 thus appears to be comprised of sequences belonging to at least three 
different (group M) subtypes. 

To map the boundaries of the putative A, G and I segments, boostrap 
plot analyses were performed as previously described (18, 57, 79), plotting the 
magnitude of the bootstrap values that supported the clustering of 94CY032.3 with 
92UG037.1 (subtype A), as well as that of 94CY032.3 with 92NG083.2 ("subtype 
G"). The results of these analyses allowed us to tentatively map the location and 
boundaries of the various subtype A an G segments along the 94CY032.3 genome 
(Fig. 1 1). Bearing in mind the window size of 400 nucleotides and considering only 
peaks of significant bootstrap values (>80%), we identified two A/G cross-overs 
around 1200 and 5600, and one G/A cross-over around 4100. The bootstrap plots 
also outlined regions with no peaks (or peaks below 80%), which coincided with 
segments that clustered independently (i.e., in subtype I) in the exploratory tree 
analysis. Delineating the boundaries of these regions suggested five additional 
breakpoints: G/l at 1500, 1/G at 3800, G/I at 6000, I/A at 6900, and A/I at 7200. 
Because full length non-mosaic reference sequences for the parental lineages (G and 
I) were not available, most of the breakpoints could not be mapped with certainty (the 
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A/G breakpoints at 1200 and 5600 were confirmed by informative site analysis; data 
not shown). Also, the recombinant nature of 92NG083.2 prohibited reliable 
breakpoint analysis between 4200 and 4800 (32, 79; highlighted in Fig. 1 1). 

four recently reported, partial but non-mosaic subtype G sequences from Ma^tvhich 
spanned the vif/vpr region and thus bridged the "subtype A gap" of 92NtW83.2 were 
used (77). A set of distance plots that compare 94CY032.3 to on^^these newly 
derived G sequences (95ML045) as well as representatives^^fsubtype A (U455), B 
(MN), and D (ELI), respectively, were constructed (d^not shown). Consistent with 
the results from the exploratory tree analysis (Fb4), 94CY032.3 was 
disproportionately more closely related toJ##55 in the 5* and 3' thirds of this 
fragment, suggesting the presence opnfbtype A-like segments. However, in the 
middle of the fragment, 94CYQ£0 was clearly equidistant from U455 and the other 
subtypes, suggesting an impendent position (diversity plots were generated for a 
window of 300 bp m^ed in increments of 10 bp). Thus, noting the points at which 
the "A" distanc^fncreased and decreased relative to the other distances allowed us to 
tentatively^p the two remaining breakpoints, one at 4650 and the other at 5000. 
Treesotfnstructed from sequences surrounding these two breakpoints (Fig. 12) 
confirmed that 94CY032.3 switched position from subtype A (Fig. 12; panel 4255- 
650) to subtype I (panel 4651-5000), and back to subtype A (5001-5300; note, that 
=*^Stre^ Offly cover THgregrofiT ^ 

There are a total of 10 recombination breakpoints between the 5* end of 
gag and the 3* end of nef 'm the genome structure of the 94CY032.3. However, the 
discordant subtype assignments of gag and nef regions necessitate at least one more 
breakpoint in the viral LTR or the gag leader sequence (LTR sequences were not 
separately analyzed for mosaicism). Given this extent of mosaic complexity, 
94CY032.3 is likely the result multiple sucessive recombination events. 

Having identified several fragments of subtype I in 94CY032.3, 
evidence for its presence in other (full length) recombinants from the database was 
examined. (Data not shown) Two known mosaics MAL (53, 76) and Z321 (78) were 
of particular interest, because previous analyses had indicated that these viruses 
contain regions of uncertain subtype assignment (53, 82, 83). For example MAL has 
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long been known to represent a mosaic of subtypes A and D, but also contains a 
sizable pol fragment that has defied previous subtype classification (53, 83). 
Similarly, Z321 is a known mosaic of subtypes A and G (78), but a recent re-analysis 
of its recombination breakpoints identified regions that could not be assigned to any 
known subtype (82, 83). To determine whether any of these regions represented 
subtype I, distance plot analysis was performed, comparing the diversity profiles of 
MAL and Z321 with those for representatives of other subtypes. Looking for dips in 
the curves as an indication of relatively greater sequence similarity, one in thepo/ 
region of MAL and another in the vif/vpr region of Z321 were found to coincide with 
previously unclassified segments of their genomes (indicated as white boxes). 
Phylogenetic tree analysis confirmed that these regions were indeed of subtype I 
origin, since MAL and Z321 clustered significantly with the subtype I domains of 
94CY032.3. Interestingly, subtype I did not account for all of the unclassifiable 
regions in MAL and Z321 (82, 83). It thus remains unclear whether these represent 
still other, as yet unidentified, subtypes or regions of multiple breakpoints that cannot 
be mapped using current methods. 

The above results demonstrate that a strain of HIV-1, proposed in 1995 
as a prototypic "subtype I" isolate (29), represents a complex mosaic comprised of 
subtypes A, G and I, respectively. In addition, two of the oldest known isolates from 
Africa, MAL (isolated in 1984) (76) and Z321 (isolated in 1976) (80, 84), are shown 
to contain short segments of sequence closely related to the subtype I domains of 
94CY032.3. These findings support the following conclusions: (i) although initially 
detected in Cyprus, subtype 1 must have existed in Africa as early as 1976; it is 
unknown whether full length non-mosaic representatives of subtype I still exist (but 
have not yet been sampled), or whether this subtype (like subtype E) is represented 
only by fragments in present day recombinants; (ii) the ancestry of 94CY032.3 must 
have involved multiple successive recombination events; it remains unclear whether 
this occurred in Africa and/or in Cyprus, where a number of different subtypes have 
also been documented (29); (iii) subtype I, along with subtypes A and G, must have 
diverged substantially earlier than the 1970s in order to be detectable as distinct 
segments in the Z321 genome; this is consistent with the recent molecular 
characterization of a virus from 1959 which in phylogenetic analyses appears to have 
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postdated the group M radiation (85); (iv) finally, the finding of subtype I in several 
different recombinants, including one from an intravenous drug user (29), suggests 
that this subtype may be more widespread than previously thought, at least in the 
form of mosaic genome fragments. It will be interesting to screen additional viruses 
from drug user populations and their contacts in Cyprus and Greece to determine the 
current prevalence and geographic distribution of subtype I containing viruses. 
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Modifications of the above described invention that are obvious to 



those of skill in the fields of genetic engineering, immunology, virology, protein 
chemistry, medicine, and related fields are intended to be within the scope of the 
following claims. 

All of the references cited herein above are hereby incorporated by 

reference. 
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